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In 1954 Green and Arduini made the 
important observation that an inverse relation- 
ship exists between the activity of the hippo- 
campus and that of the neocortex i.e. a stim- 
ulus which causes arousal and desynchroniza- 
tion of the activity of the neocortex would 
elicit rhythmic slow waves from the hippo- 
campus. As early as 1938 a similar observa- 
tion was made by Jung and Kornmiiller 
in the rabbit in connection with painful, and 
occasionally, auditory stimuli. Recently these 
findings have been confirmed by several 
authors (Liberson and Cadilhac 1954. Liberson 
and Akert 1955; Cadilhae 1955; MacLean et 
al. 1955; Rimbaud, Passouant and Cadilhac 
1955). However, the significance of the in- 
verse hippocampal response has not yet fully 
been elucidated. From the fact that in the 
majority of cases hippocampal slow potentials 
and neocortical desynchronization appear 
simultaneously, Green and Arduini (1954) in- 
ferred that the synchronized response was an 
indication of a peculiar form of hippocampal 
activation, the so-called arousal reaction. At 
the same time they pointed out that the simul- 
taneous appearance of the two forms of activ- 
ity, although frequent, was not invariable. 


When studying the hippocampal electrical 
changes accompanying habituation we found 
that at the establishment of habituation, 1.e. 
when the inhibitory process had been sta- 
bilized, it was the desynchronized pattern that 
became the regular response for a definite 
period of time. This observation seemed of 
importance for the interpretation of the slow 
response. In order to analyse behavioural 
processes more precisely and objectively we 
passed on to the study of conditioned reflexes. 


The experiments to be described below 
have led to the conelusion that the rhythmic 
slow response of the hippocampus is an early 
sign of the appearance of a temporary connec- 
tion and, therefore, cannot simply be regarded 
as a peculiar form of hippocampal activation 
or arousal. 


METHODS 


The observations were made on 15 adult 
eats. The electrical changes were analysed 
with chronically implanted electrodes during 
the elaboration of alimentary and defensive 
motor conditioned reflexes. Conditioning was 
only begun after implantation of the elec- 
trodes and complete recovery of the animals. 
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In 10 of the animals only the alimentary re- 
flex was elaborated and in 5, in addition, also 
the defensive conditioned reflex. In 4 of the 
latter 5 animals the alimentary, and in one 
the defensive conditioned reflex was first 
established. The duration of an experiment 
generally varied from one to three months. 
Simultaneously with the EEG recording mo- 
tion pictures were taken of the characteristic 
stages of the experiments. At the end of the 
experiments the sites of recording were check- 
ed also by stimulation at different phases of 
the conditioned reaction. 


Elaboration of the conditioned reactions. 


The alimentary conditioned reflex was 
elaborated in the apparatus shown in figure 
1A. As conditioned stimuli, sounds of dif- 
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Fig. 1 
A. Cage for the elaboration of the alimentary con- 
ditioned reflex. The feeding device is seen attached 
to the right wall of the cage; the signals flashed 
by the box suspended from the ceiling indicate on 
the motion pictures, the kind of stimulus being 
applied. 


ferent pitch produced by a generator were 
used. The experiments were preceded by a 
checking of the influence of the different stim- 
uli on the electrical activity, after which the 
animals were taught how to get the food from 
the feeding device. Only then was the asso- 
ciation of the sound stimulus and feeding com- 
menced. The first traces of the conditioned 
reflex generally appeared after 5 to 20 asso- 
ciations, the necessary number of associations 
changing with the animals. 
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The defensive conditioned reflex was elab- 
orated in another apparatus seen in figure 1 B, 
its development being essentially the same as 
that of the alimentary reflex. For a more 
detailed description of the elaboration of the 
conditioned reflexes the reader is referred to 
a previous communication (Grastyan, Lissa4k 
and Kékesi 1956). 

Recording of the Electrical Activity. Re- 
eordings of the hippocampal activity were ob- | 
tained by means of silver electrodes, using 
a bipolar technique. The electrodes were 
enamel-coated to about 0.5 mm. of their tips, 
which were spaced 1:5 mm. apart. 
monopolar records were taken the indifferent — 
electrode was placed in the midline of the 
occipital protuberance. . The deep electrodes 
were implanted with the aid of a stereotaxic 
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B. Apparatus for the elaboration of the conditioned 
defensive reflex. By means of a metal grid form 
ing the floor of the cage, electric shocks can 
applied to the animal‘s paws, upon which the 
animal will flee to the other identically built com 
partment. 


instrument and fixed to the skull with dental 
cement. Cortical activity was recorded wit 
epidurally placed bipolar silver ball electrodes 
with the tips spaced 2-3 mm. apart. The 
terminals of the electrodes were soldered ‘ 
the poles of a miniature socket which Ww 
fixed to the top of the skull with ‘‘ Duracry Vs 
insulating the poles from one another as W® 
as from the surrounding tissues. The conne® | 
tion between the animal and the recording : 
apparatus was secured by means of a ga" 
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flexible cable (the leading wires contained in a 
surgical thread). Slight tension in the cable 
suspended from a roll on the ceiling of the 
cage was maintained by a weight of a few 

ams attached to its distal end. This arrange- 
ment enabled the animals to move about freely. 


Potentials were recorded by a 6-channel 
Kaiser, and a 4-channel Schwartzer apparatus. 
Four pairs of electrodes were implanted in 
each of the animals. In 10 animals 2 pairs of 
electrodes were placed in different regions of 
the hippocampus and in 4 animals, in addi- 
tion to the hippocampus, also in the mes- 
encephalic reticular formation. The cortical 
electrodes were located over the motor, the 
somatosensory and the auditory cortices and, 
in two eases, also over the occipital cortex. 
The sites of recording in the hippocampus and 
in the reticular formation were identified 
histologically at the end of the experiments 
(Nissl stained section). 


RESULTS 


Effects Observed at the First Application 
of Indifferent Stimuli. At the beginning of 
our experiments no special attention was paid 
to the responses to the first application of in- 
different stimuli because it had been expected 
that the stimuli would produce the character- 
istic rhythmic slow waves described by Green 
and Arduini (1954). In the majority of cases 
the activity of the hippocampus was checked 
with familiar stimuli of an affective character, 
generally used with cats (‘‘puss !’’, ‘‘shoo !’’). 
These stimuli invariably elicited from the 
hippocampus the characteristic type of rhyth- 
mic slow waves (fig. 2A). In some animals, 
however, we were surprised to find that under 
identical experimental conditions and with 
identical background activity, entirely un- 
known stimuli (e.g. clicks of different fre- 
quencies) did not evoke the typical slow re- 
sponse from the hippocampus but, just as in 
the case of the neocortex, desynchronization 
(fig. 2 C and 4 A). This desynchronization 
was chiefly characterized by the disappearance 
of the slow waves and by a decrease of the 
amplitude of the hippocampal activity; the 
increase in the number of discharges was, how- 
ever, not so pronounced or in some eases dif- 
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ficult to observe. The background activity of 
the hippocampus is rather complex, fast (16- 
30 ¢c/sec.) and slow (4-7 ¢/sec.) components 
varying at irregular intervals and many fast 
components with slow amplitude being super- 
imposed on the high voltage slow waves. Oc- 
casionally the superimposed fast discharges 
made it difficult to define the exact frequency 
of the background activity. Even in the cases 
which were easy to analyse the increase in fre- 
quency proved to be relatively low, generally 
not exceeding 15-20 per cent. Later the elec- 
trical changes produced by the first applica- 
tion of various stimuli were examined system- 
atically and it was found that presumably 
unknown or indifferent stimuli caused desyn- 
chronization in the great majority of the 
animals. 


The electrical changes (desynchronization 
and slow waves) were also accompanied by 
characteristic somatic manifestations. If the 
stimulus (eg. a familiar calling sound, 
‘‘puss’’) elicited the special slow potentials, 
the animal reacted with tonic orientative 
(searching) movements. When the stimulus 
desynchronized the activity of the hippocam- 
pus the animal occasionally remained com- 
pletely motionless and in other cases perform- 
ed a short, phasic, orientative movement of 
the head towards the sound. 


The early stage of development of the 
conditioned reflex. The electrical changes ob- 
served during the development of the alimen- 
tary conditioned reflex and during that of 
the defensive conditioned reflex, respectively, 
were essentially identical (except for a slight 
difference in time) and will, therefore, be dis- 
cussed together. 


In the course of the development of the 
conditioned reflex marked changes may be ob- 
served in the electrical activity of the hippo- 
campus. During the associations of the con- 
ditioned and unconditioned stimuli the above 
mentioned initial desynchronization becomes 
more and more uncharacteristic. Under the 
influence of the conditioned signal slow waves 
make their appearance at the beginning less 
and later more and more definitely until, 
eventually, the characteristic slow activity 
(4-7 e/sec.) dominates the picture (fig. 3 A, 
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Fig. 2 
Cat M.4. Changes accompanying the elaboration ef the defensive conditioned reflex. Abbrevia- 
tions: R.F.: Reticular formation. H.: Hippocampus. M.C.: Motor cortex. A.C.: Auditory 
cortex. 
A. A familiar calling sound stimulus (‘‘puss’’) elicits the rhythmic slow (5 ¢/see.) response. 
B. A similar marked change is seen when the animal looks in a mirror, 
C. At its first application the indifferent sound stimulus (1000 ¢/sec.) desynehronizes the 
activity of the hippocampus and that of the neocortex. 


4 B, 4 C, and 6 A). At the same time neo- 
cortical activity continues to be desynchro- 
nized. 

These electrical changes are also accom- 
panied by characteristic somatic manifesta- 
tions. While formerly the stimulus only eli- 
cited a single movement of the head or no 
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the case of the alimentary conditioned reflex 
the conditioned stimulus caused the animal to 
run in a direction opposite to that of the feed- 
ing device). Later these purposeless, diffuse 
motor reactions decreased in number more 
and more and the movements, like special 
orientative movements, became more and more 
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A. A few associations of the formerly indifferent sound stimulus with an electric shock 
evokes a vigorous orientative reaction and slow potentials (5 ¢/see.) in the hippocampus. 

B. At the appearance of the conditioned defensive reflex the stimulus begins to desynehronize 
hippocampal activity again. Arrow: of the conditioned motor reaction. 


response at all, it now evoked pronounced 


tonic orientative (searching movements. In 
some of the cases the movement was defi- 


nitely directed towards the source of the con- 
ditioned stimulus (loud-speaker) as early as 
after the first associations, in other cases, 
however, it was quite inadequate or purpose- 
less and had no connection with the condition- 
ed reaction indicated by the stimulus (e.g. in 


definitely directed towards the source of the 
conditioned stimulus. 

The earliest stage in the development of 
the temporary connection is, therefore, char- 
acterized by nonspecific motor reactions. Be- 
fore eliciting the specific conditioned reflex, 
the conditioned stimulus evokes, temporarily, 
purposeless, diffuse movements or orientative, 
searching movements. The duration of this 
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Fig. 4 
Cat H.28. Changes of the electrical activity during 
the elaboration of the alimentary conditioned reflex. 
Abbreviations: R. Hipp.: Right hippocampus; L. 
Hipp.: Left hippocampus. M. Cort.: Motor cortex. 
S. Cort.: Somatosensory cortex. 


A. At its first application an indifferent sound 
stimulus (10 ¢/see. click) desynchronizes the activ- 
ity of the hippocampus as well as that of the neo- 
cortex. 
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reaction is variable and may occasionally be 
short, however, it will invariably manifest it- 
self before the appearance of the specific re- 
sponse. The simultaneous characteristic elec- 
trical changes of the hippocampus suggest, 
that these manifestations express a peculiar, 
early stage of development of the temporary 
connections which is also uniform with respect 
to its mechanism. On the basis of the non- 
specific character of the reactions we have 
called this stage ‘‘effector generalization’’. 
This stage is not identical with the Pavlovian 
generalization which can be observed only 
after the establishment of the conditioned re- 
flex and which might, in contrast to the above, 
be called ‘‘sensory generalization’’. 


Stabilization of the conditioned reflex. 
During further repetition of the associations 
the orientative reaction is gradually trans- 
formed into special conditioned reflex move- 
ments. Simultaneously the electrical activity 
of the hippocampus also changes. At the 
beginning of the application of the condition- 
ed stimulus, during the orientative reaction, 
the characteristic slow potentials continue ; 
however, immediately before the special con- 
ditioned movements (jumping up on the feed- 
ing device) the activity is desynchronized 
(fig. 4C). In some of the animals complete 
desynchronization occurs in stages, the fre- 
queney of the slow waves is increased (gen- 
erally from 4 to 7 ¢/sec.), the amplitude is 
decreased, or may occasionally remain un- 
changed, the individual slow waves become 


B. After a few associations the above stimulus elicits 
rhythmie slow waves from the hippocampus but 
continues to desynchronize the neocortex. First 
arrow: food is shown to the animal. Second arrow: 
feeding. 

C. First elicitation of the conditioned reflex by the 
10 ¢/see. click. Arrow: beginning of the motor 
reaction. 

D. The conditioned reflex has been stabilized. Desyn- 


chronization is elicited at once, the orientative 
reflex has disappeared, latency of the reflex 
shortened. 


E. If the stimulus finds the animal in an unusual po- 
sition, the slow response (7 ¢/sec.) will reappear 
again. Note that the slow waves show a spike-like 
character. 

F’, The subsequent stimulus which finds the animal in 
its usual position causes desynchronization. The 
solid line at the bottom indicates the duration of 
the stimulus. 
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shorter in duration, i.e. the waves assume an 
almost spike-like character (fig. 4 E). The 
passing of the orientative reaction into a spe- 
cial conditioned reflex movement was in some 
eases very definite and easily distinguished 
by direct observation. However, in other ani- 
mals it was so subtle and gradual that it could 
only be followed by an analysis of the motion 
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desynchronized period approaches the begin- 
ning of the stimulus more and more. Finally, 
in the majority of animals the orientative re- 
flex disappears completely and the sound 
stimulus will readily elicit the special con- 
ditioned movements and simultaneous desyn- 
chronization from the hippocampus (fig. 6 B, 
3B,4 Dand F). 
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Fig. 5 


The same animal as in figure 4 (cat H.28). 


the alimentary conditioned reflex. 
(Abbreviations and signs as in fig. 4). 


Changes accompanying the differentiation of 


A. At its 5th application the negative sound stimulus (3 ¢/see. click) elicits the rhythmie 


slow response. 


B. During the elaboration of the differentiation, the effect of the positive conditioned sound 
stimulus (10 ¢/see.) becomes temporarily labile again and elicits the slow potentials and 


the crientative reflex. 


C. When differentiation has been completed, the negative sound desynchronizes hippocampal 


activity. 


pictures, in which it was found that the hippo- 
campal slow potentials indicated the orienta- 
tive reflex (searching movements) with per- 
fect accuracy (fig. 8). 

In the course of further associations the 
duration of the orientative movements and, at 
the same time, the latency of the conditioned 
reflex become shorter and shorter and the 


At this stage of development of the con- 
ditioned reflex the somatic as well as the elec- 
trical manifestations still show variations. A 
change of the experimental situation, external 
inhibition, lengthening of the interval between 
the associations will often produce reappear- 
ance of the slow response and a pronounced 
orientative reflex. The lability of the reflex 
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is indicated by the fact that in each session 
it is generally the slow response that dominates 
during the first associations and it is only 
later that it is supplanted by definite desyn- 
ehronization. The latency of the conditioned 
reflex also changes in accordance with the 
electrical changes. After a longer period of 
time these changes subside and definite initial 
desynchronization can be observed again as 
early as at the first associations in the session. 


In addition to finding the desynchroniza- 
tion of hippocampal electrical activity to be 
a regular phenomenon inseparably associated 
with the stabilization of the conditioned reflex, 
in some animals the final form of the elec- 
trical changes during the entire period of re- 
action proved to be more complicated than 
deseribed above. For instance, in some of the 
animals it was observed that at the beginning 
of the stimulus the desynchronization was in- 
variably preceded by a single slow wave (fig. 
4D). It is probable that this is the only re- 
maining component of the earlier slow re- 
sponse without a visible somatic manifestation. 
In other animals the initial desynehronization 
seen at the beginning of the movement is 
again supplanted by a few slow potentials and, 
then, during and after the conditioned reac- 
tion, a new desynchronization can be observed 
(fig. 6 C). The latter phenomenon was chiefly 
observed when the animal, while carrying 
out the conditioned reflex, was not perform- 
ing the stereotyped movements which it had 
learned or when the execution of the reflex 
was complicated intentionally 


As has been said the background activity 
of the hippocampus is complex, fast and slow 
components taking each others places at ir- 
regular intervals. According to our observa- 
tions every manifestation of the animal is 
faithfully reflected in the hippocampal activ- 
ity and, although the experimental situation 
minimizes spontaneous manifestations, the 
slow waves observed in the course of develop- 
ment of the conditioned reflex appear also 
during the intervals between the stimuli. This 
e’reumstanece made it important to decide how 
far the activity dominant before the applica. 
tion of the stimulus determined the character 
of the response. A careful study of this ques- 
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tion showed that the electrical responses were 
not determined by the background activity, 
but only by the character of the stimulus. 
When the background activity is desynchro- 
nized the stimulus may cause further increas- 
ing desynehronization (fig. 4 D) but may also 
evoke slow waves immediately (fig. 2 A and 3 
A). Ina similar way, in the background of a 
slow activity the stimulus may cause desyn- 
chronization directly (fig. 6B) but may also 
accentuate the slow activity (fig. 6 A and 
2B). 

Generally, the hippocampal desynchroniza- 
tion observed during the stabilization of the 
conditioned reflex is accompanied by desyn- 
chronization in the neocortex too. Departure 
from this was observed in some eases in the 
activity of the motor cortex, where, occa- 
sionally, slow components appeared simulta- 
neously with an initial, marked hippocampal 
desynechronization (in the form of the so 
ealled ‘‘en arceau’’ potentials described by 
Gastaut in 1952, fig. 7 B). At the time of 
appearance of these potentials the animal is 
motionless. At the same time desynechroniza- 
tion may be observed over other regions of the 
neocortex. 

Stage of generalization of the conditioned 
reflex. At this stage of development of the 
conditioned reflex, which is characterized by 
the appearance of the foregoing desynchro- 
nization, the conditioned reflex is in a state 
of sensory generalization, 1.e. a great variety 
of stimuli similar to the conditioned stimulus 
may elicit the reflex. In connection with this, 
characteristic manifestations may be observed 
in the electrical activity of the hippocampus. 
Those stimuli which formerly elicited slow 
potentials from the hippocampus, now cause 
desynehronization and evoke the conditioned 
reflex. 

Differential inhibition. At the beginning 
of the establishment of differential inhibition 
the negative sound stimulus elicits a condi- 
tioned reflex because of the generalization and 
causes desynchronization in the hippocampus 
accordingly. On omitting the reinforcement 
several times, a pronounced change follows. 
During the entire period of the negative stim- 


ulus the characteristic slow potentials reap- 
pear, the animal performs orientative move- 
ments; the conditioned reaction, on the other 
hand, gradually subsides (fig. 5 A). At the 
same time a change may be observed 2!su in 
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the effect of the pos:tive stimulus; the latency 
of the conditioned reflex becomes longer, 
vigorvus orientative movements are observed 
again and, simultaneously, the slow potentials 
reappear (fig. 5 B). 
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Fig. 6 
Cat H.17. An example of the different forms of desynchronization. Alimentary conditioned 
reflex. Abbreviations: R. Hipp.: Right hippocampus. L. Hipp.: Left hippocampus. A. Cort.: 


Auditory cortex. 


A. The 10 ¢/see. click stimulus still elicits a series of slow waves at the first appearance 


of the conditioned reflex. 


B. The effect of the stimulus at the stabilization of the reflex. 
C. While performing the reflex, the animal uses movements differing from those learned 
during conditioning. After initial desynchronization slow waves appear again. The 


arrow indicates the onset of the motor reaction. 
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Finally, at the stabilization of the dif- 
ferentiation more or less pronounced desyn- 
chronization is seen during the whole period 
of application of the stimulus (fig. 5 C), slow 
potentials often appearing in a rebound like 
manner upon cessation of the stimulus (fig. 
7C). At this stage also the positive condition- 
ed stimulus regains its original effect, the 
latency of the reflex becomes short again, the 
orientative reflex attenuates or disappears and 
desynchronization can be observed in the hip- 
pocampus again. 

In some of the animals the effect of the 
positive conditioned stimulus continues to be 
labile after the establishment of differentia- 
tion. This, at least, is suggested by the cir- 
cumstance that, in contrast to the earlier pic- 
ture, the electrical activity of the hippocampus 
shows regression, i.e. the slow waves char- 
acterizing orientation fail to disappear alto- 
gether, desynchronization remains only rela- 
tive. For this phenomenon the lability of dif- 
ferentiation is certainly responsible. 


In the last stage of differentiation, after 
its stabilization, hippocampal electrical activ- 
ity in most cases is not influenced by the 
negative conditioned stimulus at all. 


Extinction of the conditioned reflex. Dis- 
continuation of the reinforcement of the pos- 
itive conditioned stimulus is followed by mani- 
festations similar to those seen during the 
development of differential inhibition. The 
electrical reaction of the hippocampus, togeth- 
er with the somatic phenomena, regresses by 
one step, i.e. initially pronounced slow waves 
appear again and if the extinction is continued 
desynechronization can be observed tempora- 
rily; finally hippocampal activity is not in- 
fluenced by the stimulus any longer. 

The alimentary conditioned reflex may 
also be extinguished by feeding the animal 
to repletion. The accompanying electrical 
change is essentially the same as the fore- 
going: parallel to the satiation of the animal 
the latency of the reflex increases gradually, 
and of the conditioned reflex nothing but the 
orientative reaction is left. 

The influence of conditioned stimuli in an 
inadequate situation. If, after the stabiliza- 
tion of the positive conditioned reflex the 
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conditioned stimulus is applied in an indif- 
ferent environment or in one not correspond- 
ing to the character of the conditioned stim- 
ulus (e.g. a conditioned defensive sound stim- 
ulus in the apparatus for the elaboration of 
the alimentary conditioned reflex or vice 
versa), rhythmie slow potentials appear in 
very definite form in the hippocampus and at 
the same time a pronounced orientative reflex 
develops (fig. 7 A). If, following this, the 
animal is placed in the appropriate exper- 
imental situation, the same stimulus will elicit 
the former desynchronized response character- 
istic of the stable conditioned reflex. 


Spontaneous behavioural changes and hip- 
pocampal activity. It was found that if the 
animal’s attention was definitely and_per- 
manently focused on some well-known object, 
hippocampal activity was sometimes perfectly, 
sometimes moderately desynchronized during 
the whole period of reaction (fig. 7 D). This 
occurs e.g. when the animal is being shown 
food or when it is running for the food which 
was put in a conspicuous place in the ap- 
paratus or when it is consuming it. During 
the whole process the activity of the hippo- 
campus is desynchronized. The same may be 
seen, when the animal is watching a mouse 
outside the apparatus. Any stimulus applied 
in deep natural sleep also desynchronizes the 
activity of the hippocampus. 


An interesting effect, quite opposite to the 
foregoing, is caused when the animal catches 
sight of itself in a mirror. It will examine 
the mirror excitedly while in the hippocampus 
the rhythmic slow waves appear in a very 
definite form (fig. 2 B). 

Relationship between the electrical activ- 
ity of the hippocampus and that of the retic- 
ular formation. In four animals, in addition 
to the hippocampus, the activity of the retic- 
ular formation was also analysed. In three of 
these animals, at an early stage of develop- 
ment of the conditioned reflex, the condition- 
ed stimulus or stimuli which had previously 
elicited the slow potentials, evoked slow waves 
in the reticular formation of the mesenceph- 
alon which were similar to those obtained from 
the hippocampus (fig. 2 A, 2 B, and 10). The 
form and frequency of the slow waves was 
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The same animal as in figure 6 (Cat H.17). (Abbreviations as in figure 6). 
A. A sound stimulus elaborated as a signal for a defensive conditioned reflex and causing 


B. 


desynchronization as such, evokes slow waves in an alimentary conditioned reflex 
environment. 

Simultaneously with the intensively desynchronized periods of hippocampal activity slower 
waves appear in the motor cortex upon a differential sound stimulus. 


C. A differential sound stimulus desynchronizes the activity of the hippocampus, on discon- 


D. 


tinuation of the stimulus a rhythmic slow response of rebound character appears. 
During a reaction of spontaneous attention hippocampal activity is chiefly desynchronized. 
The duration of attention is indicated by the solid line. 
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identical in both structures; a difference was 
only seen in the amplitude, those of the retic- 
ular formation being smaller. In connection 
with these slow waves obtained from the retic- 
ular formation a suspicion arose that perhaps 
waves of hippocampal origin, transmitted by 
volume conduction had been recorded. This 
possibility however, to be seems excluded by 
the observations that (1) these waves do not 
always appear in the two structures at the 
same time (the hippocampus generally pre- 
cedes the reticular formation) and (2) when 
the slow waves disappear from the reticular 
formation they still persist in the hippocam- 


R.F. 
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In one of the animals, on a single occasion, 
a definite reciprocal relationship was observed 
also between the activity of the hippocampus 
and that of the reticular formation. During 
a period of resting activity when in the retic- 
ular formation slow waves of 5 @/see. were 
dominant, a familiar calling sound desyn- 
chronized the activity of the reticular forma- 
tion and at the same time the slow waves 
identical with the foregoing appeared in the 
hippocampus (fig. 9). 

In one of our 4 animals hippocampal slow 
activity was invariably accompanied by desyn- 
chronization in the reticular formation. 


t | 50. eas 


1 sec. 


Fig. 9 
Cat M.4. Inverse responses in the reticular formation and the hippocampus upon the applica- 
tion of a calling sound stimulus indicated by arrow. For further explanation see text. 
Abbreviations: R. F.: Reticular formation. H.: Hippocampus. 


pus. The characteristics of these potentials 
would seem to suggest, that they are identical 
with the phenomenon demonstrated in con- 
nection with the conditioned reflex in the 
reticular formation (Yoshii, Pruvot and Gas- 
taut 1957). Our observations seem to indicate 
that the origin of these waves is, in the first 
place, the hippocampus. It is also possible, 
however, that we are dealing with a more gen- 
eral phenomenon of development of the tem- 
porary connections which manifests itself also 
in other structures. (The potentials examined 
by us are certainly not frequency-specific. ) 


Correlations between the activities of dif- 
ferent hippocampal segments. In order to 
compare the different segments of the hippo- 
campus, at least two pair of electrodes were 
implanted in the majority of the animals. If 
the electrodes were placed in nearly identical 
segments on both sides, no essential differences 
except in amplitude were noted in the activity. 
The electrical changes described in the fore- 
going chapters — rhythmic slow potentials 
and desynchronization — were most pro- 
nounced in the dorsoanterior (commissural ) 
segment of the hippocampus. An essential dif- 


Fig. 8 
Cat H.15. Demonstration of the simultaneous appearance of the rhythmic slow response and 
the orientative reaction. Recordings of the motor reaction (motion pictures) and the 


electrical activity are obtained synchronously. 


The motion pictures were taken at a rate 


of 16 pictures/see. Every 8th of the pictures was projected and copied graphically. The 
solid vertical lines indicate the duration of the conditioned stimulus, the dotted vertical 
lines that of the orientative reaction. The conditioned sound stimulus is also shown by the 
box flashing the symbol +. The source of the conditioned sound stimulus (loud-speaker) is 
indicated by a black box under the feeding device, towards which the orientation reflex 
is directed. As can be seen the rhythmic slow activity and the orientative reaction coincide. 


Abbreviations: R. Hip.: Right hippocampus. 
Right motor cortex. L. Sens. C.: Left somato-sensory cortex. 


L. Hip.: Left hippocampus. R. Mot. C.: 
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Cat H.19. Alimentary conditioned reflex. The conditioned sound stimulus evokes 5 ¢/sec. 
slow waves in the hippocampus and in the reticular formation of the mesencephalon, in 
the latter structure, however, with lower amplitude. 

Abbreviations: F. Ret.: Reticular formation. R. Hipp.: Right hippocampus. <A. Cort.: 
Auditory cortex. M. Cort.: Motor cortex 
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Fig. 11 


Cat H.27. An example of the relationship between the activities of three different hippo- 
campal segments during the initial phase of development of the alimentary conditioned 
reflex. Immediately before or during the motor reaction the 10 ¢/see. sound stimulus causes 
moderate incipient desynchronization in each of the regions; in the right hippocampus 
(dorso-anterior segment) the desynchronization continues to increase, in the left hippo- 
campus (intermediate segment) marked slow waves appear at the same time. The change 
in activity of the basal segment is not characteristic. The sites of registration were identified 
in Nissl preparations. 

Abbreviations: R. Hipp.: Right hippocampus. L. Hipp.: Left hippocampus. 
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ference was observed in the activity of the 
ventrobasal part of the hippocampus. As has 
been reported by McLean (1957), the activity 
of this segment very much resembles that of 
the neocortex, the majority of stimuli eliciting 
desynechronization in it (fig. 11). The char- 
acteristic slow discharges were either not seen 
in this region at all or only in irregular, 
atypical form. 

As a spontaneous manifestation in one an- 
imal, and in the stage of elaboration of the 
alimentary conditioned reflex in another, defi- 
nite reciprocity between two different hippo- 
eampal segments (dorso-anterior and inter- 
mediate) was invariably seen in the appear- 
ance of the slow waves and the desynchroniza- 
tion (fig. 11). We have not been able to find 
a satisfactory explanation for this phenom- 
enon. It might possibly be assumed that this 
phenomenon is representative of the functions 
of two hippocampal segments differing in 
their afferent connection. During the develop- 
ment of the defensive conditioned reflex the 
activity of the two examined regions showed 
identical changes. 

As to the origin of the slow waves an at- 
tempt was made to draw conclusions chiefly 
from records taken with monopolar technique. 
Naturally, this conelusion could only be ten- 
tative because of the coarseness of the elec- 
trodes. The most characteristic forms of the 
slow waves were observed with the electrodes 
placed near the pyramidal cells. Other sites 
very favorable to the recording of slow waves 
were the subicular region and the region be- 
tween the area CA, and the subiculum. A\l- 
though in one of the animals each tip of the 
electrode was placed in the hippocampus and 
most certainly not touching another foreign 
structure the activity was, similary to that of 
the neocortex, namely fast, and the rhythmic 
slow waves only appeared in traces. In the 
same animal the rhythmic slow discharges 
were easily obtained from another region of 
the hippocampus. 


DISCUSSION 


At its first application an entirely un- 
known stimulus or any stimulus applied in 
natural deep sleep will desynchronize the 
activity of the hippocampus. This desyn- 
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chronization is in essence the same as that 
of the neocortex: the slow waves disappear, 
the amplitude decreases in size, the only dif- 
ference being a more moderate increase in fre- 
quency. This initial effect is easy to distinguish 
from the synehronized response which occurs 
when association of the indifferent stimulus 
with some unconditioned reflex function 
(feeding or a painful stimulus) is begun. 
The characteristic hippocampal slow waves 
described by Green and Arduini (1954) ap- 
pear simultaneously with the appearance of 
the first somatic signs of the temporary con- 
nection and then, at the stabilization of the 
reflex, desynchronization follows again. Three 
essential conclusions may be drawn from this 
statement: (1) The form of arousal or activa- 
tion of the hippocampus does not differ es- 
sentially from that of the neocortex or any 
other structure of the central nervous system. 
(2) The rhythmie slow waves indicate the 
development of a temporary connection. (3) 
From the marked electrical signs accompany- 
ing the development of the temporary connec- 
tion one may be infer that the hippocampus 
plays a significant role in the establishment 
of the temporary connection. 


In the course of their investigations with 
microelectrodes Ricci, Doane and Jasper 
(1957) have found that the changes taking 
place in the examined cortical region during 
desynchronization are by no means uniform 
in character. However, it is believed that this 
assertion does not abolish the old empirical 
fact that, at every level of the central nervous 
system, desynchronization indicates increased 
excitation, and slow waves decreased activity 
or inhibition. According to our present-day 
knowledge there would be only one surprising 
exception to this rule, namely the hippocam- 
pus. This is all the more astonishing because 
the difference in structure between the hippo- 
campus and the neocortex is considerably 
smaller than e.g. that between the neocortex 
and the basal ganglia. The electrical reactions 
of the latter, however, do not differ essentially 
in their extremes, at the height of excitement 
and at rest. On the basis of this assumption it 
is thought probable that the hippocampal de- 
synchronization observed by us corresponds 
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to a similar functional level of the neocortex, 
i.e. to an activated form of function and the 
rhythmic slow potentials to the characteristics 
of relative rest, similarly to the alpha waves 
of the neocortex. As will be seen later this 
interpretation of the slow waves makes it pos- 
sible to reconcile the electrical changes observ- 
ed during the development of the conditioned 
reflex with responses obtained by stimulating 
the hippocampus. 

From the data known so far it cannot be 
established whether the same or different 
nervous elements are responsible for the two 
types of hippocampal activity. According to 
Green and Machne (1955) the groups of 
rhythmic discharges from certain units are 
in definite correlation with the slow waves ob- 
tained at the same time; other units, however, 
are quite independent. The coarse bipolar 
leads used in this experiment have offered lit- 
tle evidence as to the origin of the slow poten- 
tials. We have, however, found suggestive 
evidence that the slow discharges might orig- 
inate in the pyramidal cells of the hippocam- 
pus. The fact that it is only after a certain 
number of associations and simultaneously 
with the first manifestations of the develop- 
ment of the temporary connection that the 
conditioned stimulus begins to elicit the rhyth- 
mie slow potentials would seem to indicate 
beyond any doubt that the appearance of the 
rhythmic slow activity indicates the presence 
of a temporary connection. It should be point- 
ed out that it was possible to deduce this from 
the first original description of these poten- 
tials. When analyzing the conditions for the 
elicitation of the slow activity Green and 
Arduini (1954) established that different 
stimuli were not equally effective in ‘‘arous- 
ing’’ the hippocampus and, what was sur- 
prising, it was not the intensity of the stimulus 
that the effect was proportional to: ‘‘The in- 
tensity of auditory stimuli seems less impor- 
tant than other factors. The loud sound of 
the toy cricket, for example, is less effective 
than a low whistle or hiss.’’ When analyzing 
the effect of stimuli appled in superficial 
sleep Rimbaud, Passouant and Cadilhac 
(1955) made an observation which was similar 
in essence: ‘‘ Cette réaction d’éveil avee désyn- 


chronisation corticale et synchronisation hip- 
pocampique est particuliérement majorée et 
facilement reproduite lorsque le stimulus a 
un earactére affectif: miaulement ou aboie- 
ment.’’ Both assertions have one feature in 
common: the stimulus to elicit the slow re- 
sponse must be familiar to the animal, i.e. it 
has been in conditioned connection with the 
animal before. However, it is surprising and 
needs to be explained why this slow activity 
is elicited by such a great variety of stimuli 
and why it is so often present in the resting 
activity of the hippocampus. On the basis of 
our experience the following explanation 
might be offered. The slow activity of the 
hippocampus indicates an initial and labile 
form of the temporary connection. Such 
connections are certainly established in large 
numbers in the natural conditions of the ani- 
mal’s life. (As ean be seen from our exper- 
iments, the slow potentials often appear as 
soon as after a few associations of the con- 
ditioned stimuli. Furthermore, it may be 
deduced from our observations, that a rel- 
atively slight change in the experimental en- 
vironment will suffice to cause the condition- 
ed reflex to regress to such a labile form.) 
At any rate, the appearance of the slow waves 
in the hippocampus indicates that the stim- 
ulus, in some form or other, has been in con- 
nection with the animal before. The basic 
feature of the temporary connection indicated 
by the slow response consists in its labile and 
nonspecific nature. At this stage of develop- 
ment of the reflex the stimulus has acquired 
some significance to the animal (which finds 
expression in the orientative reaction), its 
precise meaning, however, is yet uncertain. 
Using everyday language to explain this, one 
might say that the animal has come to realize 
that the stimulus means something, however, 
it does not know what. This labile, not strict- 
ly defined feature is common to all stimuli 
that elicit the slow response from the hippo- 
eampus. That is why a familiar calling sound 
(e.g. ‘‘puss’’) or imitation of meaowing evokes 
slow waves. The same process finds expression 
also in the mirror effect. The image reflected 
in the mirror is familiar to the animal and 
vet the lack of some natural elements will 
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render the impression vague. As soon as the 
meaning of the stimulus has been made de- 
finite, the slow potentials cease and are re- 
placed by desynchronization. Based on the 
foregoing it may be said that the inverse elec- 
trical activities of the hippocampus and the 
neocortex represent different functional states 
of the two structures rather than a difference 
in reactwity or in the form of activation. 

It is difficult to account for the consider- 
able difference in rhythmic slow activity of 
the hippocampus seen in different species. In 
the rabbit these waves seem to be permanently 
present, also in the resting activity, or are 
easy to elicit. In the cat, but chiefly in the 
monkey, they are considerably rarer and less 
characteristic (Green and Arduini 1954). It 
would hardly be justifiable to make the struc- 
tural characteristics of the hippocampus re- 
sponsible for this difference. On the basis of 
our experience it would seem a plausible ex- 
planation that this difference expresses va- 
rious relations between the differentiated and 
nondifferentiated temporary connections at 
various levels of the phylogenetic scale. 

The acceptance of the notion that hippo- 
eampal slow activity is an indication of the 
development of a temporary connection sug- 
gests an interesting but at first surprising in- 
terpretation of the orientative reaction. Name- 
ly, if hippocampal slow activity is an early 
sign of a temporary connection the orientative 
reflex, which is an invariable concomitant of 
slow activity, must represent a conditioned 
reflex phenomenon too. This conclusion is sur- 
prising because it is generally accepted that 
the orientative reaction belongs to the group 
of unconditioned reflexes. 

In view of its mechanism it is not impos- 
sible that the orientative reflex has two sepa- 
rate forms. Also, in the course of these exper- 
iments, reactions consisting of short phasic 
movements of the head, not accompanied by 
slow potentials were in some cases observed 
on the application of unknown stimuli. The 
electrical as well as the somatic characteristics 
of this phasic reaction are easily separated 
from those which only appear in the course 
of development of the conditioned reflex, and 
consist of tonie orientative (searching) move- 
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ments. Thus it is not impossible that the 
above-mentioned phasic reaction represents 
the inborn, unconditioned form of the orienta- 
tive reflex. 

One may add that the notion of the orienta- 
tive reflex as representing an acquired, con- 
ditioned reflex phenomenon is not quite for- 
eign to the conditioned reflex theory. This is 
indicated by some features common to the 
orientative as well as to the conditioned reflex, 
e.g. the long established facts that the orienta- 
tive reflex, like a conditioned reflex and un- 
like an unconditioned reflex, can be extin- 
guished, furthermore that the orientative re- 
flex may be elaborated as a true conditioned 
reflex (Ivanov-Smolenski 1927). Similar sup- 
porting evidence may be obtained from in- 
vestigations into the ontogenetic evolution of 
the orientative reflex (Trosihin 1953). 

From the electrical manifestations accom- 
panying the establishment of the conditioned 
reflex one may positively conclude that at 
least the tonic form of the orientative reflex 
described above certainly represents a condi- 
tioned reflex phenomenon, and also that this 
reaction is an organic and peculiar transitional 
form of development of the temporary con- 
nection. It was on the basis of this reasoning 
that we came to apply the term ‘‘effector gen- 
eralisation’’ to this initial stage of develop- 
ment of the conditioned reflex. 

The early electrical signs observed in 
connection with the development of the con- 
ditioned reflex doubtlessly indicate that, in 
some way or other, the hippocampus plays a 
fundamental role in the establishment of the 
temporary connection. This is also confirmed 
by earlier clinical experience supported by a 
more recent neurosurgical observation that 
after lesions of the hippocampus or the mam- 
millary body, impairment or the ability to 
learn, in more severe cases even complete loss 
of this function, may be observed in man. 
(Camper 1928, 1929; Kornyei and Saethre 
1937 ; Griinthal 1939, 1947 ; Benedek and Juba 
1940, 1941; Konrad and Ule 1951; Ule 1951; 
Seoville and Milner 1957). 

However, by what mechanisms the hippo- 
campus is involved in this function cannot 
be deduced from the loss of function itself or 
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from the foregoing electrical changes. Fur- 
ther data are required for the elucidation of 
this question. 

The most invariable somatic concomitant 
of the rhythmic slow potentials of the hip- 
pocampus is the tonic orientative reflex. If 
it may be assumed that the synchronized ac- 
tivity of the hippocampus, as a peculiar ex- 
citatory activity, is responsible for this mani- 
festation then it is justifiable to expect, that 
electrical stimulation of the hippocampus will 
elicit similar phenomena. Since stimulation 
of the hippocampus often causes a contrala- 
teral adversion of the head, the question may 
be raised whether this effect should not be 
regarded as an elementary component of the 
physiologic orientative reflex. This, however, 
is rendered improbably by an earlier observa- 
tion of ours that manifestations identical 
with the natural orientative reflex can be 
elicited by stimulation of the reticular forma- 
tion or the hypothalamus (Grastyan, Lissak, 
Kékesi 1956) ; on the other hand, stimulation 
of the hippocampus, as will be shown below, 
inhibits the natural orientative reaction. ( It 
is remarkable that stimulation of the reticular 
formation and hypothalamus will evoke from 
the hippocampus the characteristic rhythmic 
slow waves most easily (Green and Arduini 
1954) ). Therefore it would seem justifiable to 
assume that the earliest manifestation of the 
temporary connection (the tonic form of the 
orientative reflex) is built up in the reticular 
formation and the hypothalamus rather than 
in the hippocampus. ; 

According to the majority of authors, hip- 
pocampal stimulation will produce inhibitory 
phenomena (Hunter and Jasper 1949; Kaada 
and Jasper 1952, ‘‘arrest reaction’’; Cadilhac 
1955, ‘‘eatalepsy’’; McLean eft al. 1955-56, 
‘‘inhibition of conditioned defensive reflex’’). 
Our own experimental findings are in good 
agreement with these observations: at every 
level of function inhibitory effects were en- 
countered. Stimulation inhibited movements 
elicited from the motor cortex, reflexly in- 
duced movements, and in the unrestrained 
animal, the orientative reflex, and the ali- 
mentary and defensive conditioned reflexes 
(Grastyan et al. 1956b, 1958). Thus hippo- 


campal stimulation inhibits, among others, the 
most pronounced reaction which accompanies 
the hippocampal slow waves, the orientative 
reflex. It follows, therefore, that the rhythmic 
slow waves do not represent increased excita- 
tion but, rather, — as has been pointed out 
on the basis of other reasoning — an inhibited 
state of the hippocampus. 

At the stabilization of the conditioned re- 
flex the orientative reflex gradually disap- 
pears and, at the same time, hippoeampal 
activity is desynchronized. This leads to the 
quite obvious conclusion that hippocampal 
desynchronisation — as a sign of increased 
excitation — should be regarded as being 
responsible for the inhibition of the orientative 
reflex. 

The inhibition of the orientative reflex is 
an indispensable condition of the transition of 
diffuse movements into a special motor reac- 
tion. From a psychological aspect the same 
mechanism could possibly be identified with 
attention. That the hippocampus plays an 
active role in this process is also confirmed 
by our recent observation that hippocampal 
activity is desynchronised during the spon- 
taneous focusing of attention. In view of the 
wellknown importance of attention in the pro- 
cess of learning it would seem probable that 
an impairment of learning ability following 
hippocampal lesion is due to disturbances in 
the mechanism of attention (hippocampal in- 
hibition). 

The correctness of our assumption de- 
pends, of course, chiefly upon whether or not 
the inhibition elicited from the hippocampus 
by electrical stimulation really represents a 
physiological function. A number of observa- 
tions indicate that it does. We have found 
that hippocampal stimulation in deep natural 
sleep does not interfere with sleep (Lissak 
et al. 1957), which, in the Pavlovian sense, 
corresponds to a generalized inhibition. 

Another observation made in the course of 
these experiments would also seem to suggest 
an inhibitory role of the hippocampus, i.e. 
the so called ‘‘en arceau”’ potential, described 
in man (Gastaut 1952), was often seen to ap- 
pear during desynchronized hippocampal 
activity; when this potential is checked with 
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a conditioned reflex method it prooves to be 
an inhibitory manifestation (Grastyan, Hori, 
Roger 1957). Further support is given to 
this inhibitory role by Adey, Segundo and 
Livingston (1957) who report that hippo- 
campal stimulation inhibits the conduction of 
impulses from the reticular formation to the 
diencephalon. 

From the character of the rebound re- 
actions following hippocampal stimulation the 
same conclusion may be drawn. Whatever 
function we were examining in connection 
with the hippocampus, rebound reactions 
were always found to be an invariable mani- 
festation. Rebound facilitation follows the 
inhibition of movements elicited from the 
motor cortex or induced reflexly. In condi- 
tioned reflex experiments the discontinuation 
of stimulation of the hippocampus is often 
followed by activation of the inhibited condi- 
tioned reflex (Grastydn et al. 1956b, 1958). 
On the other hand, this complex activating 
effect may be elicited directly by stimulating 
the reticular formation and/or the hypothala- 
mus (Grasty4n, Lissik, Kékesi 1956). The 
arousal following the cessation of stimulation 
applied in natural sleep is also a rebound 
reaction for which, in all probability, the reti- 
cular formation is again responsible (Lissak 
et al. 1957). In the present experiments it 
was found that on cessation of a negative 
sound stimulus the desynchronization seen 
during differential inhibition was followed by 
a series of rhythmic slow potentials of rebound 
character. (As has been mentioned these po- 
tentials are most readily elicited by direct 
stimulation of the reticular formation or the 
hypothalamus.) It is probable that the en- 
hanced pleasure and grooming reactions and 
vocalization following hippocampal after-dis- 
charges, described by McLean (1957), rep- 
resent similar rebound reactions. 

All the foregoing facts unequivocally sug- 
gest that the main site of action of the hip- 
pocampal inhibitory function is the reticular 
formation and the hypothalamus. The re- 
bound reaction is an expression of a release 
of some of the structures in question. 


( 


A summing up of the above facts leads to 
the conclusion that a mutual controlling rela- 
tionship must exist between the ascending 
activating system and the hippocampus. Most 
recently Hugelin and Bonvallet’s (1957) 
studies have drawn attention to a very impor- 
tant inhibitory mechanism of diffuse neocor- 
tical origin. Whether the hippocampal inhibi- 
tion examined by us and the foregoing nega- 
tive feed-back mechanism have anything in 
common cannot be decided now, because of 
the difference in experimental conditions.: 


The neocortex is capable of influencing the 
activity of the reticular formation also in a 
facilitatory manner. This accounts for the 
fact that arousal may be elicited by the 
stimulation of certain cortical areas. In con- 
trast to this, we have seen in our experiments 
that hippocampal stimulation will only have 
inhibitory effects on functions of the ac- 
tivating system. Viewed from this aspect it 
would seem probable that the hippocampus 
plays a leading role in the control of the 
activating system. 


At the present moment it would be diffi- 
cult to answer the question whether the above- 
described inhibitory mechanism represents 
the only physiological function of the hippo- 
campus. In recent years it has been definitely 
demonstrated that the hippocampus is not 
representative of olfactory function. How- 
ever, the gap left by this negative statement 
has not yet been filled by any other special 
physiological function. This fact in itself 
would seem to confirm the view, first ad- 
vanced by Herrick (1933), that the hippo- 
campus does not perform a special, but rather 
a general regulatory function. In the _ be- 
haviour of the animal, and probably at the 
highest functional level of the activating sys- 
tem, this inhibition manifests itself in econ- 
trolling the orientation reflex. The fact that 
the orientation reflex represents an _ indis- 
pensable link in the temporary connection 
makes this inhibitory function of the hippo- 
campus one of the most important features in 
the dynamics of higher nervous function — 
a role which is not out of proportion to the 
absolute or relative size of this structure. 


SUMMARY 


The changes in hippocampal electrical 
activity during the development of alimentary 
and defensive conditioned reflexes have been 
examined. 


Neocortical desynchronization being ac- 
companied by rhythmic slow potentials in the 
hippocampus, several authors claim an inverse 
relationship between the activation of the 
hippocampus and that of the neocortex. In 
contrast to this, it was found in the present 
experiments that at their first applications 
entirely unknown and indifferent stimuli pro- 
duced desynchronization in the hippocampus 
and the rhythmic slow potentials only ap- 
peared after a sufficient number of associa- 
tions of the stimuli i.e. at an early stage of 
development of the temporary connection. 
Thus the slow activity of the hippocampus 
represents a conditioned reflex manifestation. 


At the stabilization of the conditioned 
reflex and simultaneously with the subsidence 
of the orientative reflex, the slow waves cease 
again and desynchronization appears. How- 
ever, the rhythmic slow waves may reappear 
in association with the orientative reflex, 
whenever the conditioned reflex becomes la- 
bile, or regresses (e.g. at the beginning of 
development of the differential inhibition, or 
at extinction). 

The observed electrical changes and other 
data on hippocampal activity suggest that, 
similarly to the neocortex, desynchronization 
in the hippocampus is an expression of en- 
haneed activity, and the rhythmic slow waves 
that of an inhibitory state. Accordingly, the 
conclusion is advanced that the hippocampus 
plays an essential role in the inhibition of the 
orientative reflex and in the stabilization of 
the temporary connection. This would explain 
the role of hippocampal lesions in the develop- 
ment of Korsakoff’s syndrome. 


RESUME 


On a étudié les changements de 1’activité 
électrique de l’hippocampe pendant 1’élabora- 
tion des réflexes conditionnés alimentaires et 
défensifs chez le chat. 

Selon plusieurs auteurs il y aurait une 
relation inverse entre |’activation de l’hippo- 
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campe et celle du néocortex, ¢’est-a-dire la 
désynchronisation néocorticale serait accom- 
pagnée par l’apparition d’ondes lentes ryth- 
miques dans l’hippocampe. Au contraire nous 
avons établi que les signaux nouveaux et neu- 
tres, a leur premiére application, provoquent 
une désynchronisation de 1]’activité hippocam- 
pique et les ondes lentes rythmiques ne parais- 
sent qu’aprés un certain nombre de combinai- 
sons de signaux, c’est a dire dans le stade pré- 
ecoce du développement de la liaison tempo- 
raire. L’activité lente de l’hippocampe est 
done une manifestation électrique correspon- 
dant a un réflexe conditionné. Au moment 
de la stabilisation du _ réflexe ‘conditionné, 
simultanément avee la disparition du réflexe 
d’orientation, les ondes lentes disparaissent 
de nouveau et sont remplacés par une désyn- 
chronisation du tracé. Mais les ondes lentes 
rythmiques — accompagnées du réflexe d’o- 
rientation — peuvent reparaitre, quand le 
réflexe devient labile, ou est en régression (au 
commencement de la différentiation, ou a |’ex- 
tinetion). 

Basé sur les changements électriques ex- 
posés et des données d’autre nature relatives 
au fonectionnement de l’hippocampe on sup- 
pose que dans l’hippocampe — comme dans 
le néocortex — la désynchronisation corres- 
pond a un état d’excitation plus élevé et les 
ondes lentes rythmiques 4 un état inhibé. I] 
semble done que l’hippocampe joue un role 
fondamental dans ]’inhibition du réflexe d’o- 
rientation et ainsi dans la stabilisation du 
réflexe conditionné. Cette constatation permet 
de développer une explication tentative du 
role joué par la lésion de l’hippocampe dans 
la production du syndréme de Korsakoff. 


ZUSAMMENFASSUNG 


Es wurden die ‘‘Anderungen in der Tatig- 
keit des Hippocampus wahrend der Entwick- 
lung von bedingten Nahrungs und Abwehr- 
reflexen bei der Katze untersucht. 


Da die neokortikale Desynchronisation von 
rhythmischen langsamen Potentialen im Hip- 
pocampus begleitet wird, behaupten mehrere 
Autoren, dass zwischen der Aktivierung des 
Hippocampus und des Neocortex ein umge- 
kehrtes Verhaltnis besteht. Im Gegensatz 
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hierzu wurde in den gegenwartigen Versuchen 
festgestellt, dass vollkommen unbekannte und 
indifferente Reize bei ihrer ersten Anwendung 
im Hippocampus Desynechronisation verursa- 
chen und die rhythmischen langsamen Poten- 
tiale nur nach einer entsprechenden Zahl von 
Assoziationen der Reize, d.h. im Friihstadium 
der Entwicklung des bedingten Reflexes, 
erscheinen. Demnach stellt die langsame 
Aktivitat des Hippocampus eine Manifesta- 
tion in der Art eines bedingten Reflexes dar. 
Zur Zeit der Stabilisierung des bedingten 
Reflexes und gleichzeitig mit dem Abklingen 
des Orientierungsreflexes horen die langsa- 
men Wellen wieder auf und es tritt Desynchro- 
nisation in Erscheinung. Die rhythmischen 
langsamen Wellen konnen aber in Verbindung 
mit dem Orientierungsreflex wieder erschei- 
nen, immer dann wenn der bedingte Reflex 
labil wird, oder sich zurtickbildet (z. B. am 
Anfang der Entwicklung der Differenzie- 
rungshemmung, bei der Ausloschung). 


Aus den beobachteten elektrischen Verin- 
derungen und aus anderen Angaben tiber die 
Tatigkeit des Hippocampus geht hervor, dass 
die Desynchronisation im Hippocampus wie 
im Neokortex der Ausdruck einer gesteigerten 
Tatigkeit ist und dass die rhythmischen, lan- 
gsamen Wellen einen Hemmungszustand an- 
zeigen. Dementsprechend ist der Schluss 
erlaubt, dass der Hippocampus in der Hem- 
mung des Orientierungsreflexes und in der 
Stabilisierung des bedingten Reflexes eine 
wesentliche Rolle spielt. Dies wiirde auch die 
Rolle der Ammonshornlasionen in der Ent- 
wicklung des Korsakowschen Syndroms er- 
klaren. 
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HIPPOCAMPAL AND NEOCORTICAL ACTIVITY 
IN DIFFERENT EXPERIMENTAL CONDITIONS 1 


T. TOKIZANE, M.D., M. KAWAKAMI, M.D. and E. GELLHORN, M.D. 
Laboratory of Neurophysiology, Department of Physiology, Minneapolis, Minn. 


(Received for publication: July 2, 1958) 


This study grew out of earlier observa- 
tions (Tokizane, Kawakami and Gellhorn 
1957) in which the effect on cortical and sub- 
cortical structures of stimulation of the cau- 
date nucleus was investigated in different 
states of activity of the hypothalamus and the 
reticular formation. It seemed desirable to 
extend this work to a study of the behavior 
of the potentials of the hippocampus under 
these conditions since: 1, neocortex and hip- 
pocampus show fundamentally different reac- 
tions in their electrical activities on arousal 
(Cadilhae 1955; Green and Arduini 1954; 
Green and Machne 1955; Liberson and Akert 
1955; Rimbaud, Passouant and Cadilhac 
1955) ; 2, stimulation of the caudate nucleus 
induces spindle formation as well as asyn- 
chrony (arousal) in the neocortex. In addi- 
tion, an attempt was made to determine 
whether the increased synchrony of hippo- 
campal potentials is the expression of an ex- 
citatory or inhibitory process. 


METHODS 


Fifteen cats, prepared under ether and 
local anesthesia and artificially ventilated, 
were studied several hours later under Into- 
costrin or Flaxedil. After craniotomy, cortical 
potentials were recorded with bipolar silver 
electrodes (diameter 1 mm.) whereas for the 
hippocampus and the caudate nucleus con- 
centric needle electrodes (gauge 24) provided 
with a steel core insulated except for 0.5 mm. 
at the tip were used. The subcortical electrodes 
were inserted by means of the Horsley-Clarke 
apparatus. A 6-channel Grass electroenceph- 
alograph served for the recording of the po- 
tentials, and a square wave pulse generator 
(Arthur H. Thomas) in conjunction with 


1 These studies were aided by a grant from the 
Louis W. and Maud Hill Family Foundation. 
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Sechmitt’s isolation unit was used for stimula- 
tion of the caudate nucleus and afferent 
nerves. In two eats the Offner frequency 
analyser (type 830) was applied for a more 
detailed study of the hippocampal potentials.” 
The locations of the tip of the subcortical 
electrodes were identified histologically. 


RESULTS 


1. The hippocampal electrogram of the cat 
at rest and in spontaneous and induced 
arousal. 


The pattern of the hippocampal electro- 
gram of the unstimulated cat was variable. 
Seven cats showed a resting activity of the 
hippocampus similar to that described by 
Green et al. (1954) for the rabbit. While 
a sleep pattern prevailed in the neocortex, the 
electrogram of the hippocampus showed slow 
and fast waves mixed irregularly. Spontan- 
eous cortical arousal (asynchrony) was ac- 
companied in the hippocampal electrogram by 
a train of regular sinusoidal waves on which 
fast potentials of low amplitude were super- 
imposed. The frequency of the slow and fast 
waves of the hippocampus seemingly under- 
went characteristic changes on arousal. The 
frequency of the slow potentials increased 
from 2-3/see. to 3 to 4/see. Of the fast po- 
tentials which were most conspicuous in the 
10-14 and 20-25/see. range at rest, the 
10-14/see. group was markedly diminished 
during arousal, while the 20-25/see. group 
seemed unchanged. 

In 8 eats the hippocampus showed chiefly 
fast waves and a few slow waves in spite of 
marked arousal in the ECG. In these cats 
the effect of afferent stimulation was _ nil 


2See Nakao, Ballin and Gellhorn 
further details. 
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although COz (see below) still exerted a 
slight characteristic effect. 

In some instances the hippocampal elec- 
trogram was dominated by 40/sec. potentials 
of large amplitude suggesting that mechanical 
irritation through the hippocampal electrode 
had caused a hippocampal seizure. 

Figure 1 illustrates the effects of spon- 
taneous arousal. The effects on the supra- 
sylvian gyrus and the hippocampus seem to 
be diametrically opposed. Whereas the cor- 
tical potentials were greatly increased in fre- 
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Fig. 1 
Neocortex and hippocampus in spontaneous arousal. 
A. Resting activity; B. spontaneous arousal; (1) L. 


middle suprasylvian gyrus; (2) L. hippocampus. 
Calibration in figures 1-6, 1 sec. and 100 nV. 


queney and decreased in amplitude, the hip- 
pocampal electrogram was characterized by a 
regularization of slow waves of increased 
amplitude. 

Similar effects were seen on afferent stim- 
ulation. Mechanical stimulation of the skin 
(stroking the back), auditory (click) and 
nociceptive stimuli (immersion of the tip of 
the tail in water of 55-75°C) served for this 
purpose. These stimuli were particularly ef- 
fective when they were applied during a 
resting state characterized by synchronous 
discharges in the neocortex and irregular slow 
and fast activity in the hippocampus. In the 
alert cat, however, even a strong stimulus 
eaused little or no changes in the hippo- 
campus. In contrast to earlier observations 
on the rabbit (Green and Arduini 1954) the 
arousal pattern appeared almost immediately 
in the neocortex but developed with some 
delay in the hippocampus. 
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Figure 2 illustrates the fact that the typical 
arousal patterns are elicitable on stimulation 
of visceral nerves (splanchnics and vagi). 
Attention is called to the fact, illustrated in 
figure 2A, that the slow waves from the 
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A. Effect on neocortex and hippocampus of stimula- 
tion of the central end of the 1. splanchnic nerve. 
1. l. ant. sigmoid gyrus; 2. 1. lateral gyrus; 3. 1. mid- 
dle suprasylvian gyrus; 4. 1. hippocampus. Horizontal 
bar indicates stimulation (16 V. 0.5 msec. 120/see. 
for 5 see.). 

B. Effect of stimulation of the central end of 1. vagus 
on neocortex and hippocampus. 1 to 4 as in A. Stim- 
ulus: 9 V., 0.5 msec., 120/see. for 5.5 see. Note the 
faster speed of recording in B. 


hippocampus which appeared on stimulation 
showed a gradual increase in amplitude which 
persisted for some time in the post-stimulatory 
period. In addition, table I shows that the 
frequency of the slow hippocampal waves in- 
creases with the intensity of the afferent stim- 
ulation. 

Since CO, has been shown to produce a 
powerful arousal reaction (Gellhorn 1953 a 
and b) its influence on the electrogram was 
investigated. Thirty-five per cent CO». was 
used, which during the first minute caused a 
marked excitation of the ECG and the hypo- 
thalamus, whereas these areas are depressed 
in later phases of CO, inhalation. Figure 3 
shows an increase in frequency and amplitude 
in the ECG recorded from the suprasylvian 
gyrus, whereas the slow potentials of the hip- 
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TABLE I 


The effect of stimuli* of varying intensities on the 
frequency of the synchronous discharges of the 
hippocampus 


I. Stimulation of the central end of the ipsilateral 


vagus. 
Voltage Hyppocampal Potentials 
Frequency /sece. 
5 4 
6 4 
7 4.3 
9 4.5 
II. Stimulation of the central end of the ipsilateral 
splanchnie. 
13 3.0 
16 3.2 
20 4.5 
III. Stimulation of the ipsilateral caudate nucleus 
20 2.5 
22 3.0 
24 3.5 
27 4.5 


* Frequency of stimulation: 120/see. 


pocampus became gradually regularized and 
increased in amplitude and frequency. Here 
it is noted again, as in the experiments on 
stimulation of afferent nerves, that the 
changes induced by CQO, occurred earlier in 
the neocortex than in the hippocampus. 


The frequency analysis (Offner analyser) 
showed that the maximum of the integrated 
amplitude shifted from 2.5/see. in A to 4/see. 
in B. 
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Although the changes in the electrogram 
were similar to those produced by stimulation 
of afferent nerves, quantitative differences 
existed. The action of COs was more effective 
and produced characteristic changes even in 
those cats in which nerve stimulation failed to 
alter the electrogram of the hippocampus. 


D 


Fig. 3 
Effect of CO, inhalation (35 per cent) on neocortex 
and hippocampus. 1: 1. middle supersylvian gyrus; 
2. 1. hippocampus. A, before CO, inhalation; B, 10 
sec. after the onset of CO, inhalation; C, 5 see. after 
B; D, 18 see. after C. 
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Fig. 


Effect of CO, inhalation (35 per cent) on neocortex (1) and hippocampus (2). 
cycles per sec.) of the hippocampus. 
B, 15 see. after the onset of CO, inhalation; C. 25 seconds after B. 
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2. The Influence of Stimulation of the Cau- 
date Nucleus on the KEG of the hippo- 
campus. 

Since stimulation of the caudate nucleus 
at 120/see. elicits an alerting reaction in the 
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typical effect is illustrated in figure 5. It is 
seen that activation of the caudate nucleus 
alters neocortex and hippocampus in the same 
manner as increased afferent impulses. Part 
B of figure 5 shows clearly that the sinusoidal 
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Fig. 5 


Effect of stimulation of the caudate nucleus on neocortex and hippocampus. 
1. 1. middle suprasylvian gyrus; 2. 1. hippocampus. A, before; B, during; 
C, 16 sec. after stimulation (20 V. 0.5 msec., 120/see.). 


ECG of the neocortex (Stoupel and Terzuolo 
1954; Tokizane, Kawakami and _ Gellhorn 
1957), the effect of this stimulation on the 
hippocampal electrogram was studied. A 
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waves in the hippocampus become increasingly 
regular during the period of stimulation and 
increase in amplitude and frequency. As in 
the experiments involving the stimulation of 


Fig. 6 
Effect of stimulation of the caudate nucleus (8.5 V., 0.5 msec. 120/see.) on the 1. 1. middle 
suprasylvian gyrus; 2. hippocampus. The histograms indicate the frequency analysis of the 


hippocampus. Two 10” periods were averaged. A, before; B, during; C, 20 sec. after stimulation. 
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cutaneous sense organs or afferent nerves it 
was found that the increase in amplitude and 
also the increase in frequency of the hippo- 
campal waves were enhanced with either in- 
creasing intensity or duration of stimulation 
of the caudate nucleus. The frequency an- 
alysis of the hippocampal potentials under 
these conditions disclosed a marked increase 
in the integrated amplitude of the potentials 
of low frequencies with a shift in the maximum 
from 2.5 see. to 4/see. (fig. 6). There was 
also a slight change in faster potentials with 
a shift in the maximum from 20 to 22/sec., 
but this phenomenon was not constant. 


Table I shows a typical experiment in 
which the influence of the stimulation of vis- 
ceral nerves and of the caudate nucleus on the 
hippocampal potentials is illustrated. It is 
shown that with increasing intensity of stim- 
ulation of the vagus or splanchnic nerves or 
of the caudate nucleus, the frequency of the 
hippocampal potentials increases. 

A second group of experiments was per- 
formed with stimulation of the caudate nu- 
cleus with a single shock (square wave). This 
stimulus, which elicits characteristic spindles 


Fig. 7 


Effect of a single shock (indicated by the arrow) to 
the caudate nucleus upon the hippocampus. 1. 1. 
anterior sigmoid gyrus; 2. left marginal gyrus; 3. 
l, middle suprasylvian gyrus; 4. 1. hippocampus. Cali- 
bration: 100 wV. and 0.5 see. 


in the neocortex (Tokizane, Kawakami and 
Gellhorn 1957), failed to alter the hippocam- 
pus at threshold and_ suprathreshold in- 
tensities (fig. 7). In some experiments in 
which this stimulus was applied repeatedly 
at intervals of 0.2, 0.5 or 1.0/sec., some slight 
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shift in the electrogram of the hippocampus 
occurred, suggesting an increasing dominance 
of the ‘‘fast’’ potentials. 


3. The Influence of Anesthesia on the 
Hippocampus. 


Although the main experiments were per- 
formed on ecurarized cats, some observations 
were made after barbiturates (Pentothal, 
Nembutal, or Dial-Urethane) had been ad- 
ministered. It was noted that the grouped 
(‘‘Dial’’) potentials were more prominent 
in the neocortex than in the hippocampus 
under these conditions. As expected, the 
arousal threshold for stimulation of the cau- 
date nucleus at 120/sec. was increased. The 
effect of stimulation was, in principle, sim- 
ilar to that seen in unanesthetized cats but 
weaker, as indicated by its shorter duration, 
the lesser augmentation of the sinusoidal 
waves and the lesser increase in their fre- 
quency. In deep anesthesia neither afferent 
nerve nor caudate nucleus stimulation, nor 
inhalation of 35 per cent COs altered the 
hippocampal potentials, in contrast to earlier 
reports (Green and Arduini 1954) in which 
alerting stimuli had been found to produce 
fast activity in the hippocampal record. 


DISCUSSION 


That alerting stimuli produce synchronous 
discharges in the hippocampus while asyn- 
ehrony prevails in the neocortex (Green and 
Arduini 1954; Rimbaud et al. 1955) ) was con- 
firmed in the present work. Our experiments 
show that this statement is valid also for 
visceral stimuli, ‘the stimulation of the cau- 
date nucleus at 120/sec. and the action of 
COs. 

The attempt to show the dominance of 
fast asynchronous potentials in the hippo- 
campus in conditions leading to synchronous 
discharges in the neocortex was less suc- 
cessful. A single shock applied to the caudate 
nucleus which produced a burst of slow po- 
tentials in the neocortex did not influence the 
hippocampus, although on repeated applica- 
tion of such stimuli a tendency toward asyn- 
chrony appeared in some hippocampal records. 
It should be mentioned that Rimbaud, Pas- 
souant and Cadilhae (1955) observed in eats 
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with chronically implanted electrodes a period 
of desynchronization of the hippocampus when 
they fell asleep. This desynchronization pre- 
eeded the synchronization of the neocortex. 
In deep sleep, however, slow potentials ap- 
peared in neocortex and hippocampus. 

Our chief finding is the fact that under 
the influence of afferent stimuli, inhalation 
of COs, and stimulation of the caudate nu- 
cleus at 120/sec. the synchronous slow activity 
in the hippocampus increases in amplitude 
and frequency.'! These changes, confirmed by 
frequency analysis, seem to indicate that the 
two phenomena, shift in the maximal electrical 
output to a higher frequency and increase in 
the amplitude of the potentials which char- 
acterize cortical excitation, are present in the 
hippocampal records. There is, however, a 
fundamental difference between the excita- 
tory processes of the neocortex and those of 
the hippocampus under these conditions. F're- 
quency analysis shows that cortical excitation 
resulting from nociceptive stimulation, in- 
halation of CO. (Gellhorn, unpublished ex- 
periments) and baroreceptor reflexes (Nakao, 
Ballin and Gellhorn 1956) is characterized 
by a diminution in the height of the integrated 
waves of low frequency and by an increase in 
those of high frequency with the maximum 
occurring at ranges of 15 to 18 or even 20- 
30/see. On the other hand, the changes in 
hippocampal potentials described in this 
paper were shown to be restricted to a narrow 
band of low frequencies (2.5 to 5.0/see.). 
The reason for this peculiar reactivity of the 
hippocampus is not known, and attempts to 
correlate the occurrence of slow waves with 
unit potentials under conditions of arousal 
(Green and Machne 1955) have thus far 
largely failed. 


SUMMARY 


Stimulation of sense organs and afferent 
nerves (also from the viscera) and inhalation 
of 35 per cent CO. for 1 min. induce an 
alerting reaction in the neocortex but syn- 
ehronous discharges in the hippocampus of 


1 Gangloff and Monnier (1956) claim that arousal 
causes an acceleration in the slow rhythmie activity 
of the rhinencephalon but the illustrations of the 
authors are unconvincing. 


eurarized cats. Stimulation of the caudate nu. 
eleus at 120/sec. exerts a similar action. 
Closer study including frequency analysis 
with an Offner analyser shows that the syn- 
echronous discharges in the hippocampus in- 
crease in amplitude and frequency with in- 
creasing intensity or duration of stimulation. 
This suggests that the characteristics of cor- 
tical excitation, shift of the maximum in the 
frequency spectrum to a higher frequency and 
increase in the amplitude of the potentials, 
are present in the hippocampus in the above 
mentioned experimental conditions, although 
they are confined to the frequencies of 2.5 to 


—5.0/see. 


Stimulation of the caudate nucleus with 
single shocks which produce a burst of slow 
waves in the neocortex do not alter the hippo- 
campus. 

The effeet of alerting stimuli on _ neo- 
cortex and hippocampus is diminished or 
abolished in anesthesia. 


RESUME 


La stimulation des organes de sens et des 
nerfs afférents (y compris ceux des viscéres) 
et inhalation de CO, 30-35 pour cent pen- 
dant une minute induit chez le chat curarisé 
une réaction de vigilance du néocortex, mais 
avee des décharges synchrones au niveau de 
l’hippocampe. La stimulation du noyau caudé 
a 100/see. peut exercer une influence sem- 
blable. Une étude plus poussée comprenant 
l’analyse de fréquence avec un analyseur Off- 
ner démontre une augmentation d’amplitude 
et de fréquence des décharges synchrones de 
’hippocampe lors d’une augmentation de 
l’intensité ou de la durée de la stimulation. 
Ceci suggére que les caractéres du déplace- 
ment de 1’excitation corticale maximum dans 
le spectre de la fréquence a une fréquence 
et un recrutement plus élevés, sont présents 
dans l’hippocampe dans les conditions d’ex- 
périmentation ci-haut mentionnées, quoiqu’ils 
se trouvent limités 4 des fréquences de 2.5 a 
5.0/see. 

La stimulation du noyau caudé par des 
echoes uniques qui déclenchent une bouffée 
d’ondes lentes dans le néocortex ne modifie 
pas l’hippocampe. 
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L’effet des stimuli vigilants sur le néo- 
cortex et sur l’hippocampe se trouve étre 
diminué ou aboli sous 1’effet de 1’anesthésie. 


ZUSAMMENFASSUNG 


Reizung kutaner Sinnesorgane und senso- 
rischer Nerven (einschl. des Vagus und N. 
splanchnicus) und Inhalation von 35 Prozent 
CO. fiir eine Minute ruft eine Weckreation 
im Neokortex, aber synchrone Entladungen 
im Hippocampus kurarisierter Katzen hervor. 
Reizung des N. caudatus mit elektrischen 
Strobmen von 120/Sek. iibt eine dhnliche 
Wirkung aus. Frequenzanalyse mit dem Off- 
ner’schen Analysator zeigt, dass die synchro- 
nen Entladungen im Hippocampus in Amp- 
litude und Freauenz zunehmen, wenn die In- 
tensitat oder Dauer der Reizung wachst. 
Diese Beobachtungen lassen erkennen, dass 
die charakteristischen Anzeichen kortikaler 
Erregungen, die Verlagerung des Maximum 
der integrierten Potentiale auf eine hohere 
Frequenz und die Zunahme der Amplitude 
der Potentiale, an dem Elektrogram des Hip- 
pocampus unter den beschriebenen Bedingun- 
gen auftreten, obwohl diese Veranderungen 
auf den Frequenzbereich von 2.5 bis 5.0/Sek. 
beschrankt bleiben. 


Reizung des N. caudatus mit Einzelreizen, 
die eine Salve langsamer Potentiale im Neo- 
kortex hervorrufen, haben keine Wirkung auf 
die Potentiale des Hippocampus. 
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Der Weckeffekt verschiedener Reize auf 
Neokortex und Hippocampus ist in Narkose 
vermindert oder beseitigt. 


REFERENCES 


CADILHAC, J. Hippocampe et Epilepsie. Montpellier, 
1955. 

GANGLOFF, H. and MonnierR, M. Electrographic 
aspects of an ‘‘arousal’’ or attention reaction 
induced in the unanesthetized rabbit by the 
presence of a human being. HEG Clin. Neuro- 
physiol., 1956, 8: 623-629. 

GELLHORN, E. The physiological basis of the carbon 
dioxide therapy of psychoneuroses. J. Ment. Sci., 
1953a, 99: 357-373. 

GELLHORN, E. On the physiological action of CO, on 
cortex and hypothalamus. HEG Clin. Neurophy- 
stol., 1953b, 5: 401-413. 

GELLHORN, E. Unpublished experiments. 

GREEN, J. D. and ARDUINI, A. A. Hippocampal elec- 
trical activity in arousal. J. Neurophysiol., 1954, 
17: 533-557. 

GREEN, J. D. and MACHNE, X. Unit activity of rab- 
bit hippocampus. Amer. J. Physiol., 1955, 181: 
219-224, 

LIBERSON, W. T. and AKERT, K. Hippocampal seizure 
states in guinea pig. HEG Clin. Neurophysiol., 
1955, 7: 211-222. 

NAKAO, H., BALLIN, H. M. and GELLHORN, E. The 
role of the sino-aortie receptors in the action of 
adrenaline, noradrenaline and acetylcholine on 
the cerebral cortex. HEG Clin. Neurophysiol., 
1956, 8: 413-420. 

RIMBAUD, L., PASSOUANT, P. et CADILHAC, J. Parti- 
cipation de l’hippocampe 4 la régulation des 
états de veille et de sommeil. Rev. Neurolog., 
1955, 93: 303-308. 

STOUPEL, N. et TERZUOLO, C. Etude des connexions et 
de la physiologie du noyau caudé. Acta Neurol. 
Psychiat. Belgica, 1954, 54: 239-248. 

TOKIZANE, T., KAWAKAMI, M. and GELLHORN, E. On 
the relation between the activating system and 
the recruiting system. Arch. intern. physiol., 1957, 
95: 415-432. 


Reference: TOKIZANE, T., KAWAKAMI, M. 


and GELLHORN, E. Hippocampal and neocortical activity in dif- 


ferent experimental conditions. EEG Clin. Neurophysiol., 1959, 11: 431-437. 


IMPORTANT ANNOUNCEMENT 


TO AUTHORS 
TO CONDENSE PAPERS AND ABSTRACTS SUBMITTED 


TO THE EEG JOURNAL 


We regret that it has become necessary to abandon our lenient 
policy with regard to length of manuscripts and abstracts to be 
published in our Journal. We share, with other journals specializing 
in the neurological sciences, the healthy dilemma of too many 
manuscripts and Society Proceedings. The large backlog forces us 
into unwanted delays in publication. We have tried to meet this 
challenge by publishing supplements and increasing numbers of pages 
in each issue but excessive printing costs makes it necessary to 
restrict this policy. : 


Regular Manuscripts 


Maximum length for regular manuscripts should not exceed 
four thousand (4,000) words. This is about 20 pages of double 
space typed copy, or 30 pages of triple spaced copy on standard 
814 x 11 inch. paper. This should include references. Review of 
literature and discussion should be especially reduced to the minimum. 
In most cases six carefully chosen and prepared illustrations should 
be adequate. Short summaries of not more than 200 words should 
be provided for translation into other languages. 


Technical or Clinical and Laboratory Notes 


These notes should not exceed one thousand (1,000) words 
and usually less than this is sufficient, with one or two illustrations. 


Abstracts for Society Proceedings 


Each abstract should not exceed 200 words with no illustrations. 


CEREBELLO-HIPPOCAMPAL INFLUENCES ON THE 


ELECTROENCEPHALOGRAM ! 
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Department of Neurology and Psychiatry and Department of Anatomy, 
Northwestern University, Chicago, IIl. 


(Received for publication: September 7, 1958) 


Starting with the discovery of tactile, 
auditory and visual areas in the cerebellum 
(1944), recent neurophysiological studies in- 
dicate that cerebellar function is much broa- 
der than has hitherto been accepted. White- 
side and Snider (1953) demonstrated elec- 
trically that there are extensive connections 
of this organ to the upper brain stem and 
reticular formation. Cooke and Snider (1953) 
were able to elicit activation of the cerebral 
cortex by cerebellar stimulation. Very re- 
cently Schoolman and Delgado (1958) re- 
ported that the neocerebelum maintains a 
role in the facilitation and inhibition of cer- 
ebrally induced movement. With so broad an 
ascending influence, it occurred to the present 
investigators that the cerebellum may also 
have a functional relationship with an older 
part of the brain, 7.e., the rhinencephalon. 
This appeared to be even more probable in 
view of Morin and Green’s (1953) demon- 
stration that seizure activity can exist within 
the cerebellum as a result of hippocampal 
stimulation. Kaada’s (1951) extensive study 
on the rhinencephalon was used as a basis for 
hippocampal influences on the cerebrum. 
Accordingly, in the present experiments, 
standard electrophysiological recording and 
stimulation techniques have been used to study 
cerebello-hippocampal relationships. 


MATERIALS AND METHODS 


The data presented here were collected 
from 24 healthy adult cats (Felis domestica), 
weighing between 2.5 and 3.5 kg. The animals 
were anesthetized with ether, and the surgical 


1 This research work was financed by the U. S. 
Public Health Service Grant-in-Aid Program. 

2Present address: University of Nagoya, School 
of Medicine, Nagoya, Japan. 
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brain 
A tracheotomy was 
of Flaxedil 


procedures of exposing the 
promptly carried out. 
done, after which 20-30 mg. 
(American Cyanamid Company) was ad- 
ministered and the animal attached to a 
respirator, to which a small amount of Os 
was added continuously. Two per cent pro- 
caine was infiltrated around all incisions. The 
exposed nervous tissues were bathed with 
warm saline and mineral oil. Care was also 
taken to keep the systemic temperature of the 


animal from falling. 


were 


Bipolar silver wire electrodes were used 
for pial recording and stimulation; stereo- 
taxically oriented bipolar nichrome wire elec- 
trodes, insulated except for the tips, were used 
for recording from deeper structures. Histol- 
ogical studies were made, using the Kliiver 
and Barrera stain on all areas in which either 
depth recording or stimulation was used. 


All records included in the present report 
were taken on a Grass 8-channel electroenceph- 
alograph, although for cerebellar recording 
it was often necessary to monitor the activity 
with a cathode ray oscilloscope. Electrical 
pulses were given by means of a Grass S4A 
stimulator. The usual voltage range for stim- 
ulation was 5 to 15 V., although (as indicated 
below) it was necessary to use higher voltages 
in many cases. Unless otherwise noted, 1 msec. 
biphasic pulses were used. The usual electrode 
to tissue resistance was 5,000 to 12,000 ohms. 
The higher values were usually observed near 
the end of the experiment, or if clotted blood 
interfered with proper contact. Chloriding 
the tip of the silver wire electrode was rou- 
tinely done at the beginning of an experiment. 
The usual current flow from a single pulse 
was one milliampere. 
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RESULTS 100/see. changes the irregular patterns of the 

The so-called ‘‘resting’’ cerebral activity left and right cerebral cortices (in this case, 

of the cat shows a frequency of 8-15 waves per the suprasylvian gyri) to low voltage fast 
ec., and an amplitude of 100-300 nV. It can frequencies. However, note that at the same 
be changed readily to an arousal or activated time hippocampal activity is changed to mod- 
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Fig. 1 

Electrical recording from the left and right suprasylvian gyri (LSS, RSS) and left and right 
hippocampi (LHIP, RHIP) following electrical stimulation of the hippocampus and cerebellum. 
Square wave pulses of 1 msec. duration, ranging between 5 and 10 V., were used. Frequency 
of stimulation was either 30 or 100/see. Average electrode resistance was 10,000 ohms. 

In the upper traces, 5-V. pulses at a frequency of 100/see. were applied to the pial surface 
of the tuber vermis. Note that 10 sec. have been removed from the post-stimulatory portion 
of the record. The second series resemble the first, except that 10-V. stimulation was used, 
and the record is continuous. In the third group, 7-V. pulses at a frequency of 30/see. were 
applied to the tuber vermis, and 7 sec. later the left hippocampus was stimulated with 5-V. 
at 100/see. In the bottom series of traces, the hippocampus (left) was stimulated first, and 
27 sec. later the cerebellum was stimulated. 100-yV. time signals are given, and l-see. time 
markers are included. All records were taken on a standard EEG machine by way of silver- 
silver chloride pial electrodes and nichrome wire depth electrodes. Cats were used, anesthetized 
by ether and Flaxedil. 


cortical pattern by electrical stimulation of erate voltage slow waves. As shown in the 
the cerebellum at parameters of 5-25 V. and second row of traces, a similar result is ob- 
frequencies of 10 to 200 pulses per sec. tained with 10 V. stimulation. In the third 
Throughout these studies, as shown in figure row of traces a slower frequency of cerebellar 
1, stimulation of the tuber vermis at 5 V. stimulation, 1.e., 30/sec., produces a_ like 


AS 
A 


change. When followed by hippocampal stim- 
ulation (5 V. at a frequency of 100/sec.), 
fast activity appears in the hippocampus, with 
slowing in the ipsilateral cerebral cortex. If 
higher voltage pulses are given to the hippo- 
campus, the cerebral slow waves appear bila- 
terally. In the fourth row of traces, note that 
there are simultaneous slow waves in the hip- 
pocampus and low voltage fast waves in the 
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Figure 2 shows the results obtained when 
higher voltage pulses were given to the hip- 
pocampus. As illustrated in the upper row 
of traces, 7 V. can induce high voltage slow 
and fast waves in the cerebrum more pro- 
minent ipsilaterally, whereas low voltage fast 
activity continues in the hippocampus. In 
more susceptible animals it was possible to 
induce seizure activity in both the cerebral 
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Fig. 2 
This chart shows the results of applying higher voltage (7 and 15) square wave pulses of 1 
msec. duration to the hippocampus. Current flow ranged between 1 and 1.6 mA. In the upper 
series of traces, note the high voltage mixed slow and fast waves in the left and right supra- 
sylvian gyri (LSS: RSS) resulting from stimulation of the left hippocampus (LHIP) with 
7 V. at a frequency of 100/see. In the second group, 15 V. applied to the left hippocampus 
induced seizure activity in the contralateral hippocampus and ipsilateral cerebral hemisphere 
(left suprasylvian gyrus), which spread to the right suprasylvian gyrus and cerebellum. The 
third series are a continuation of the second. Experimental conditions resemble those described 


for figure 1. 


cortex. Hippocampal stimulation (6 V. at 
100/see.) introduces fast activity in the hip- 
pocampus, accompanied by high voltage slow 
waves in the cerebral hemispheres (in this 
ease, the suprasylvian gyri). This pattern 
can be reversed by cerebellar stimulation, as 
shown in the last part of the record, at which 
point a frequency of 30/see. (7 V.) was 
applied to the tuber vermis. 


cortex and hippocampus at this voltage. These 
types of seizure discharges are shown in the 
second row of traces, in which 15 V. at a 
frequency of 100/sec. were applied to the left 
hippocampus. Note that initially the seizure 
activity involves the ipsilateral suprasylvian 
cortex as well as the contralateral hippo- 
eampus. Although not illustrated here, the 
ipsilateral hippocampus is also involved. It 
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has a lower seizure threshold than the con- 
tralateral. However, the seizure activity 
rapidly spreads to the contralateral cortex 
and cerebellum, as shown in the bottom set 
of traces. 

Figure 3 indicates that cerebellar stimula- 
tion can alter seizure patterns in the cerebrum 
initiated by hippocampal stimulation (see top 
set of traces). Since such seizures in a routine 
preparation last from 30 to 90 sec., this could 
not have been spontaneous alteration of the 
activity. Furthermore, when the seizures stop 
spontaneously, the post-ictal trace does not 
resemble this one. In this case, 20 V. at a fre- 
quency of 100/sec. were applied to the tuber 
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of additional cerebellar activation upon it. As 
indicated in the upper series of traces, only 
7 V. (100/see.) applied to the hippocampus 
(in this instance the right side) are necessary 
to produce long, sustained activity in the 
cerebrum. Cerebellar stimulation can ‘‘ break 
up’’ these seizure patterns (illustrated in the 
second series of traces). This group is a con- 
tinuous run from the above-mentioned. Note 
further that there is a low voltage activation- 
like pattern in the post-seizure period. Such 
patterns are not observed in these prepara- 
tions when the seizures stop spontaneously. 
In the third series of records, well-defined 
seizure activity was instituted in both the 
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Fig. 3 
In the upper series of traces, seizure patterns in the cerebral hemispheres (initiated by hippo- 
campal stimulation) are blocked by cerebellar (tuber vermis) stimulation. Note that a post- 
stimulatory activation pattern exists in the cerebrum, and synchronized slow waves in the 
hippocampus. The lower series of traces is a continuation of the upper, with a 5-sec. interval 
removed. Note that restimulation of the hippocampus (20 V. at a frequency of 100/sec.) 
reintroduces the seizure-like patterns in the cerebrum. Experimental conditions are similar 


to those described for figures 1 and 2. 


vermis. Note that not only did the seizure 
patterns stop, but they were replaced by an 
activation pattern in the left and right supra- 
sylvian gyri, and by slowing in the hippo- 
campus. The bottom series of traces are a 
continuation of the top, with a 5-see. omission. 
In this case 20 V. applied to the left hippo- 
campus reinstated mild seizure discharges in 
the two cerebral cortices. 

Figure 4 shows data collected when stim- 
ulation to the hippocampus is severe enough to 
induce seizure activity, and shows the effect 


left (not shown) and right hippocampi by 
15-V. stimulation. It was promptly disrupted 
by applying 7-V. electrical pulses to the cer- 
ebellum. As in the above data, a poststim- 
ulatory activation trace results. In the bottom 
series are illustrated an unusual condition in 
which it was possible to set up seizure activity 
in the nucleus centrum medianum by stimula- 
tion of the hippocampus with as little as 3 V. 
As indicated in the continuous record, cer- 
ebellar activation (10 V., 30/see.) was ef- 
fective in disrupting the activity. 
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If an electrical stimulus delivered to the 
hippocampus is strong (usually 15 V. or 
over), immediate cortical seizure patterns ap- 
pear bilaterally, generally starting with high 
voltage spikes and terminating with mixed 
spikes and slow waves. However, if there is 
considerable mechanical manipulation of the 
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did not appear to be eritical, since any value 
between 5 and 200 could be used. It should 
be pointed out that cortical slowing by hippo- 
campal stimulation is not always easy to elicit, 
because if stimulation is weak, slow wave pat- 
terns are difficult to recognize against a var- 
liable EEG background; an increase of voltage 
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Fig. 4 
This shows a series of traces in which seizures were inhibited by cerebellar (tuber vermis) stim- 
ulation. The second group is a continuation of the first. Note in the third series that the 


seizure is largely limited to the hippocampus. 


In the bottom traces, activity in both cerebral 


hemispheres and the right nucleus centrum medianum of the thalamus was sampled. It is 
unusual to find seizure induction with as little as 3 V. applied to the hippocampus, although 
mechanical manipulation can often do so. Note how promptly cerebellar stimulation stops 
the seizure. All experimental conditions resemble those described in figure 1. Cats were under 
ether and Flaxedil anesthesia; 100-yV. and 1-see. calibration signals were used. 


hippocampus, spontaneous paroxysmal activ- 
ity may occur; or, in very sensitive animals, 
seizures can be induced with as few as 3 V. 
The usual effect of low voltage stimulation 
(3-7 V.) is slowing of cortical frequencies. 
Morin and Green (1953) saw similar slowing 
in tre guinea pig. Frequency of stimulation 


often induces seizures which disturb the 
record. Often it is the animal in a so-called 
‘‘alerted’’ state that responds best. Under 
such conditions, the 3-6/see. slowing is easily 
recognizable. It appears ipsilaterally and 
gradually spreads to the contralateral hem- 
isphere. 


DISCUSSION 


The present work clearly demonstrates 
that cerebellar stimulation can produce an 
activation-like response in the cerebral hem- 
ispheres. This finding was expected in view 
of Hassler’s (1951) work on the human, and 
Rand’s (1954) work on the monkey, showing 
that the brachium conjunctivum has extensive 
connections, not only to the mesencephalic 
tegmentum, but also to the nucleus centrum 
medianum, as well as to the intralaminar thal- 
amie nuclei. Whiteside and Snider (1953) 
have electrophysiologically demonstrated con- 
nections to these areas from the cerebellum of 
the cat; previously, Ranson and Ingram 
(1932), by means of a fiber degeneration tech- 
nique, had noted similar connections to the 
thalamus. 


In view of the above studies and those of 
Rose and Woolsey (1949), showing by means 
of retrograde cell change that the midline and 
intralaminar nuclei project to the so-called 
rhineneephalon, the possibility of a cerebellar 
influence being exerted upon the rhinen- 
cephalon by way of these thalamic nuclei 
might be considered. 


Studies by the present authors confirm 
the extensive observations of Green and Shi- 
mamoto (1953) on the seizure characteristics 
of the hippocampus. By regulating the 
strength of the stimulus, the induced seizure 
activity can be limited to the hippocampus 
(ipsilateral first, then spreading to the con- 
tralateral side). If higher voltage pulses are 
used, seizure activity becomes generalized, 
involving both cerebral hemispheres and the 


cerebellum. These discharges show a very 
regular pattern and frequency in_ the 


922-25/see. 


range; usually they terminate 
abruptly without a well-defined isoelectric 
period (see Liberson and Akert 1955). Such 
patterns are easy to elicit. It was common 
to see short bursts of them as a result of the 
mechanical irritation of inserting the record- 
ing electrode. When the hippocampus was 
exposed surgically, slight manipulation of the 
structure with foreeps was adequate to initiate 
seizure activity in many instances. For- 
tunately, this activity was short-lived and 
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could always be blocked by Nembutal an- 
esthesia. However, this last procedure was 
rarely used, because the threshold of response 
after barbiturate administration was raised 
so high that it was difficult to work with the 
animal. This applied to both the hippocampal 
and cerebellar systems. 


Slowing of cortical frequencies was ob- 
served following hippocampal activation if the 
stimulating voltage was kept low. This ob- 
servation on the eat confirms the earlier ones 
of Green and Arduini (1954), who noted an 
inverse relationship between the patterns of 


‘discharge in the neocortex and, hippocampus 


in both wakefulness and sleep. It is difficult 
to explain why some animals could be thrown 
into seizure-like patterns (electrical) with 
stimulating voltages as low as 3 to 7 V. (ap- 
proximately 0.5 mA.). 


In view of the earlier work of Cooke and 
Snider (1955), showing that electrical stim- 
ulation of the cerebellum can stop electrically- 
indueed seizures of the cerebrum, the present 
authors were particularly interested in 
whether or not the hippocampus might be one 
of the intermediate centers involved. Although 
some of the present data can be interpreted 
in this manner, the answer to the problem is 
much more complex and will require ad- 
ditional work. 


When the corticogram showed fast pat- 
terns, due not to an arousal reaction but to 
local irritative causes (such as subpial hem- 
orrhage), the hippocampus showed its usual 
resting patterns independent of the activity 
in the cortex. Cerebellar stimulation was able 
to induce characteristic synchronized slow 
wave patterns in the hippocampus, despite 
any obvious activation effects on the cortico- 
gram as a result of the irritation. This in- 
dicates that cerebellar influences need not 
modify cortical activity before introducing 
slow waves in the hippocampus. This rein- 
forees the authors’ belief that the cerebellum 
acts on the hippocampus by way of a sub- 
cortical center, perhaps the thalamus, rather 
than influencing a cortico-hippocampal con- 
trol. However, this does not exclude the pos- 
sibility that the cerebrum can change hippo- 
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campal activity if given the proper stimulus. 
It has long been known that the cingulate 
gyrus sends fibers to the hippocampus by way 
of the cingulate bundle. 

Probably the most significant finding re- 
ported in the present study is the inverse 
activity of the cerebral cortex and hippo- 
campus resulting from cerebellar stimulation. 
This is clearly shown in figures 1 and 3, where 
slow waves appear in the hippocampus, and 
low voltage fast waves appear in the cerebrum 
simultaneously. Quite the opposite patterns 
ean be established quickly by electrical stim- 
ulation of the hippocampus. Slow waves ap- 
pear in the cerebrum while low voltage fast 
waves appear in the hippocampus. Thus, by 
alternately stimulating the cerebellum and 
hippocampus, cortical activity can be driven 
toward either a low voltage fast activation- 
like pattern, or toward a slow wave pattern. 
In a well-responding animal it was possible 
to alternate these cortical rhythms many times 
during an hour. 


In view of the cerebellar influences exerted 
upon the hippocampus, one might question 
what action (if any) does the hippocampus 
have upon the cerebellum. As ean be seen in 
the above data, we were not able to de- 
monstrate any changes except those that re- 
sulted from electrically-induced seizure activ- 
ity in the hippocampus, becoming generalized 
and involving the cerebellum. It might be 
argued that this is somewhat surprising in 
view of widely accepted anatomical pathways, 
which could explain hippocampal-cerebellar 
transfer of activity. We refer to the well 
known hippocampal connections to the mam- 
millary bodies via the fornix; the mammillo- 
tegmental tract and the tegmento-olivary sys- 
tem of fibers thence to the cerebellum. In the 
present experiments it did not appear to be an 
easy task to activate this multineuronal path- 
way. This is in keeping with the work of 


Green et al. (1953, 1954), showing that desir- 
able as it might be to have a feedback system 
to the cerebellum, extensive hippocampal after- 
discharges and seizure formation ean oceur in 
the absence of the cerebellum. 


CEREBELLO-HIPPOCAMPAL INFLUENCES ON THE EEG 


SUMMARY 


Cerebello-hippocampal inter-relationships 
in the cat have been studied electrophys- 
iologically. 

1. The seizure characteristics of the hip- 
pocampus as described by Green and Shima- 
moto (1953) have been confirmed. Weak elec- 
trical pulses (usually 3-7 V. up to 1 mA. 
current flow) produce slow waves in the cer- 
ebrum, whereas stronger ones (usually over 
7 V.) produce seizure patterns. 

2. Cerebellar stimulation induces an activa- 
tion pattern in the cerebrum, and synchro- 
nized slow waves in the hippocampus, cerebral 
activity can be changed from a low voltage fast 
activation-like tracing to slow waves and then 
back again. Such effects are readily blocked 
by barbiturate anesthesia. 

3. Although the pathways used for inter- 
action between these two structures have not 
been worked out, evidence is presented to 
show the possibility of involvement of the in- 
tralaminar thalamic nuclei. 

4. Cerebellar stimulation can stop seizure 
patterns, and prolonged afterdischarges in the 
hippocampus which have been established by 
electrical stimulation. 

RESUME 

Les inter-relations cérébello-hippocampi- 
ques du chat ont été étudiés au point de vue 
électro-physiologique. 

1. Les caractéristiques paroxystiques de 
Vhippocampe, tels que décrits par Green et 
Shimamoto (1953), ont été confirmés. Des 
secousses électriques faibles (en général 3-7 V. 
jusqu’A un passage de courant de 1 milli- 
ampere) produisent des ondes lentes au cer- 
veau, tandis que les secousses plus fortes (en 
eénéral plus de 7 V.) produisent des tracés de 
type paroxystique. 

2. La stimulation cérébelleuse induit un 
tracé d’activation dans le cerveau, et des ondes 
lentes synchrones dans l’hippocampe; 1’acti- 
vité cérébrale peut subir des changements d’un 
tracé de type voltage bas avee activation ra- 
pide a des ondes lentes, et inversement. 
L’anesthésie barbiturique bloque facilement 
les effets pareils. 
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3. Quoique les voies utilisées pour 1’in- 
teraction entre ces deux structures n’ont pas 
été étudiées, on présente de 1’évidence pour 
démontrer la possibilité de l’implication des 
noyaux thalamiques intralaminaires. 

4. La stimulation cérébelleuse peut faire 
arréter les tracés paroxystiques, ainsi que les 
aprés-décharges prolongées de 1’hippocampe 
qui ont été établis par la stimulation électri- 
que. 


ZUSAMMENFASSUNG 


Gegenseitige Beziehungen zwischen dem 
Kleinhirn und dem Ammonshorn wurden mit 
elektrophysiologischen Methoden bei der Katze 
untersucht. 

1. Die dureh Green und Shimamoto 
(1953) beschriebenen Characteristika von 
Ammonshornkrampfen wurden bestatigt. 
Schwache elektrische Pulse (im allgeinen 3-7 
Volt bis zu einer Stromstaérke von 1 Milli- 
ampére) erzeugen langsame Wellen im Gross- 
hirn, wahrenddem intensivere Reize (im all- 
gemeinen tiber 7 Volt Spannung) Kramp- 
fentladungen produzieren. 

2. Kleinhirnreizung produziert eine Akti- 
vierungsantwort im Grosshirn gleichtzeitig 
mit synchronisierten langsamen Wellen .im 
Ammonshorn, und die Grosshirnaktivitat 
kann von einer niedergespannten raschen Ak- 
tivitat, welche einer Aktivierungsantwort 
gleicht, zu einem langsamen Hirnstrombild 
verandert werden und wieder zuriick zum 
urspruglichen Typus. Diese Effekte kénnen 
leicht durch Barbituratnarkose blockiert der- 
den. 

Obwohl die Verbindungen, tiber welche 
diese gegenseitigen Einfliisse vermittelt wer- 
den, noch nicht eruiert worden sind, so be- 
stehen doch gewisse Anzeichen, dass md6- 
elicherweise die intralaminaren thalamischen 
Kerne an dieser Vermittlung beteiligt sind. 


Kleinhirnreizung kann Krampfentladungen 
und langandauernde durch elektrische Reiz- 
ung erzeugte Nachentladungen im Ammon- 
shorn abstoppen. 
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INTRODUCTION 


Few experimenters have systematically 
explored the entire supracallosal mesial cor- 
tex. The location of this area within the 
depths of the two hemispheres and the prox- 
imity of the superior sagittal sinus make a 
direct approach to this region relatively diffi- 
cult. Autonomic responses have been well de- 
scribed (Smith 1945; summarized by Kaada 
1951) from the mesial cortex, in particular 
the cingulate area. However, somatic move- 
ments have not been systematically inves- 
tigated from the entire supracallosal mesial 
region of alert, conscious cats or monkeys. 
This paper, reported previously in preliminary 
form (Hughes and Mazurowski 1958a, 1958b), 
is the first of a series of studies on the mesial 
cortex and will emphasize the movements 
elicited by electrical stimulation in the un- 
anesthetized cat. The term, supracallosal 
mesial cortex, refers to the entire mesial sur- 
face superior to the corpus callosum. 


APPARATUS AND METHOD 


Figure 1 shows the type of electrode as- 
sembly that was implanted onto the surface 
of the mesial cortex of cats. The operative 
procedure, performed with the use of Nem- 
butal, included the removal of a narrow strip 
of bone along the midline, sufficient to ex- 
pose the entire extent of the cortex under 


1This investigation was supported (in part) by 
a grant (B1564) from the National Institute of Neu- 
rological Diseases and Blindness and (in part) by 
a grant (39-16 I) from the American Cancer Society. 
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study. The dura was then cut slightly lateral 
to the superior sagittal sinus, which was gently 
retracted to expose the mesial cortex. The 
electrode assembly was placed so that it rested 
without pressure onto the mesial surface. The 
leads attached to the electrode assembly were 


i Fig. 1 


The electrode assembly. Stainless steel electrodes 
(Type 316), 1-1.5 mm.2 in area, are embedded in a 
thin polyethylene sheet (0.5 mm. in thickness). These 
electrodes are exposed on one side of the sheet. Spot- 
welded to each electrode and embedded in the assembly 
are insulated stainless steel leads, 0.25 mm. in dia- 
meter, which are led through the skin of the neck. 
This assembly is implanted so that the electrodes rest 
without pressure onto one mesial cortical surface. The 
ruler shown in the figure is in inches. 


secured in a tied loop of wire that passed 
between two small, closely-spaced holes in the 
skull. These leads were led through the skin 
of the neck where contact could be made with 
an alligator clip. A large stainless steel wire, 
serving as the diffuse current return, was 
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Apparatus used for stimulation. The timer was set so that the train duration was always 


Dd sec. 
bidirectional pulse resulted (see fig. 3). 


The RC circuit differentiated the rectangular pulse from the stimulator so that a 
The resistance for each electrode was determined 


with each stimulation. This was done by setting the dummy variable resistance so that the 


eurrent through it was equal to that through the electrode. 


The eurrent was determined on 


the C.R.O. with each stimulation by converting the voltage drop across the 10 ohm resistor 
into current. The diffuse current return was a large stainless steel wire that was implanted 
over the outside periphery of the skull under the scalp. 


implanted around the periphery of the skull 
and was led through the skin of the neck. 


Figure 2 shows the apparatus used for 
stimulation (Lilly et al. 1955a) and in figure 
3 the bidirectional stimulating pulse is seen. 
Evidence (Lilly 1955b) exists that this pulse 
ean be considered relatively non-injurious; 
figure 4 shows that it separates well the 
thresholds for movement (lower) and elec- 
trical epileptiform after-discharge (higher )?. 
The peak current and the resistance were re- 
eorded with each stimulation. The train dura- 
tion was always 5 sec.; usually 2-3 min. inter- 
vened between stimulus trains. The data re- 
ported in this study were collected only after 
full post-operative recovery, approximately 
1-2 weeks after operation. The cats were com- 
pletely free of all restraints and were trained 
for 1-2 weeks to lie quietly in a given position 
on the experimental table. The motor effects 
of the stimulation were directly observed by 
two experimenters. The results in this paper 
are based on data collected from 4 animals, 


1The author wishes to thank Dr. H. H. Jasper 
who advised an investigation of this point. 


each of whom served as experimental animals 
for as long as 6 months. Figure 5 shows the 
electrode positions that were studied; each 


nee 


Fig. 3 

The bidirectional pulse used for stimulation. A _ ree- 
tangular pulse, 200 micro-see. in duration, was dif- 
ferentiated by an RC eireuit so that a bidirectional 
pulse resulted. There was a separation of 200 ysee. 
between the positive and negative phases, each 60 ysee. 
in duration. The peak current of the positive pulse 
was determined with each stimulation. 
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STIMULATION OF MESIAL CORTEX OF CAT 
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Cat (Mary) 12-17-57 Rt. mesial cortex, unanaesthetized. Electrode 8. 
Differences in threshold for movement and seizure discharge with dif- 
ferent stimulating pulses. The abscissa shows the duration (in micro-sec.) 
of unidirectional stimulating pulses and the ordinate shows the peak 
current at threshold in milliamperes. The frequency of stimulation is 
90/see. The threshold for movement (dots) is always lower than that for 
seizure discharge (open circles), an electrical epileptiform after-discharge, 
recorded on the EEG machine. The difference between these thresholds is 
shown by the solid line drawn as a best fit through the X’s. Note that 
at the lower pulse durations the difference between the threshold for move- 
ment and seizure discharge may be as high as 20 mA.; at the longer pulse 
durations (greater than 1 msec.) this difference may be less than 1 mA. 
On the top graph the values are shown for the bidirectional stimulating 
pulse that is seen in figure 3. The two threshold values are shown at the 
60 wsec. point on the abscissa, although the abscissa refers particularly to 
unidirectional pulses. The difference (X) between the two threshold 
values for the bidirectional pulse is shown on the appropriate ordinate 
value and is placed on the solid line drawn through the other X values. 
Note that this bidirectional pulse separates well the thresholds for movement 
and seizure discharge. The bottom graph shows similar, but less variable 
results using a germanium diode in the stimulating cireuit in order to 
avoid any bidirectional component with the unidirectional stimulus. 
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ELECTRODE POSITIONS (CAT) 


Fig. 5 


The electrode positions on the mesial cortex (cat). 
Eight electrodes were implanted in Mary (dots), 
Sandy (crosses), and Spike (circles), and four in 
Willie (X’s). 


electrode position was studied at many differ- 
ent frequencies of stimulation from 1 to 1000 
pulse-pairs per sec. A concerted attempt was 
made to maintain a given state of alertness 
in the animal before each stimulation. Figure 
6 shows that the threshold for movement may 
be twice as high during sleep than during the 
waking state for all stimulating frequencies. 


RESULTS 


Figure 7 shows an example of threshold 
eurves for movement from the mesial cortex. 
The curves for different movements from the 
same electrodes are usually more widely spaced 
from each other at the lower frequencies than 
at the higher frequencies, where they tend to 
be more similar in value. For a given move- 
ment, thresholds usually decrease at the higher 
stimulating frequencies (see fig. 8). However, 
figure 7 (chin curve, e.g.) shows that only a 
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Fig. 6 
Differences in threshold for movement during the states of sleep and 
wakefulness. The abscissa shows the frequency in pulse-pairs per second; 
the ordinate shows the peak current at threshold in milliamperes. On 9-26-57 
the threshold for movement during sleep was approximately twice as 
high as that found during the waking state for all frequencies of stim- 
ulation, except for the higher frequencies. The impression at that time 
was that the higher frequencies tended to awaken the sleeping animal 
and, therefore, bring the two curves together. On 10-1-57 the same 
experiment was repeated except that the experimenters made more certain 
of a deep natural sleep. The thresholds during sleep are approximately 
twice as high as those found in the waking state for all frequencies of 


stimulation. 
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slight decrease in threshold may be related 
to the fact that the absolute value of these 
thresholds is relatively low. With higher 
thresholds there is usually a greater absolute 
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decrease in threshold with increase in fre- 
quency. Figure 7 shows the responses from 
an electrode situated adjacent to the olfactory 
bulb; stimulation at any frequency from 1 to 
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Fig. 7 
Thresholds for different movements at different frequencies of stimulation. 
The electrode was located adjacent to the olfactory bulb. Note the sneezing 
response, which was indistinguishable from a sneeze produced by natural 
causes. 
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Fig. 8 
Thresholds for ipsilateral and contralateral movements. For all frequen- 
cies the contralateral whisker is lower in threshold than the ipsilateral. The 
contralateral ear is lower in threshold than the ipsilateral for the lower 
frequencies of stimulation; at the higher frequencies, the threshold for 
contralateral and ipsilateral ear movement is the same. 
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1000 per sec. could elicit a sneeze indistin- 
guishable from one produced by natural 
causes. 

Ipsilateral and bilateral responses are fre- 
quently seen from stimulation of the mesial 
cortex; they comprise 31 per cent of all ob- 
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served responses and 50 per cent of the re- 
sponses that could be lateralized, excluding re- 
sponses of the chin, anus, tail, ete. Figure 8 
to 10 show threshold curves for bilateral and 
ipsilateral movements. The most common curve 
of this type is seen in figure 8 which shows 


100 


IPS! AND CONTRA MOVEMENTS 


CAT (MARY) 
11-14-57 
RT MESIAL CORTEX 


2 UNANAE STHETIZED 
§ ELECTRODE *8 
Q 
Ss 50; 
=z 
Me 
ge ARM, IPSI 
zx ——— 
R ies 
w 
x ARM, CONTRA 
.. fe 
PY WHISKERS (BILATERAL) 
& 
S 4 
3 20 
<x 
S 
Q 
10 4 40 100 1000 


FREQUENCY (Cp.p.s) 
Fig. 9 
Thresholds for ipsilateral and contralateral movements. Note that the 
contralateral arm is lower in threshold than the ipsilateral for all fre- 


quencies of stimulation. Whiskers are seen bilaterally at the lower fre- 
quencies; at the higher frequencies the ipsilateral whisker is lower in 


threshold than the contralateral. 
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Fig. 10 


Thresholds for ipsilateral and contralateral whisker responses. Note that 
at the lower frequencies the ipsilateral whisker response is lower in threshold 
than the contralateral for both electrodes #1 and #2. At higher frequencies 


the responses are bilateral. 
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the contralateral response lower in threshold 
than the ipsilateral at the lower frequencies 
and a bilateral response at the higher fre- 
quencies. At times, bilateral responses are 
seen at the lower frequencies but at the higher 
frequencies the ipsilateral response is lower in 
threshold than the contralateral (fig. 9). 
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clearly seen from some electrodes, the majority 
(86 per cent) of all observed responses involve 
the face and head. 

Figure 11 shows the low threshold areas 
on the mesial cortex for various types of move- 
ments. The bilateral and ipsilateral responses 
are seen mainly in the posterior region. Fig- 


TABLE I 
MOVEMENTS FROM MESIAL CORTEX 


ELECTRODE No. 


1 2 3 4 5 6 7 8 
CAT: C C C PD C HEi Eb C,Wi 
MARY HE Wb Wb HE OOb Cc C Eb 
Wb OO PD L Eb OOi HE L 
OO HE HE OO Wb Wi OO OO 
PD PD OO C PD PD Wb Li 
SN SN Wb HEi T, PD HE 
Lb E L Ww 
PD 
SANDY Wi,C PD PD T HEi Wb HE HE 
Wb HE HE A Wb,C C,E PD Wb,C,N 
HE C,Wb Wb LG Eb,OO HEi,Eb Eb,Wb PD 
PD OOb,LG PD PD PD,OO C,00 
OOi C HEi HEi-HE 
00,Wb 
SPIKE Wb,HE HE,PD T T Eb E Eb Wb 
P Wb PD TS PD PD PD PD 
C N A,LG A Wb Eb HE HE 
C L PD,LG HE HE,Wb Wb Eb 
WwW L LG T L 
WILLIE W E E Wb 
OOb HE HE 
W Wb Eb 
PD PD 
OOb 
A = anus, C = chin, E = ear, HE = head and eyes, L = elbow, LG = leg, N = nostril, OO — orbicularis 


oculi, PD — pupillary dilation, SN = sneeze, T = tail, 
b = bilateral movement. The frequency of stimulation was 90/see. Movements are contralateral unless other- 


wise indicated. 


Conversely, from stimulation of other elec- 
trodes, bilateral responses are seen at the 
higher frequencies but at the lower frequencies 
the ipsilateral response is lower in threshold 
than the contralateral (fig. 10). 

Table I shows the movements that are seen 
from each electrode with stimulation at 90/ 
see. Although responses of the extremities are 


TS = testicles, W — whiskers, i — ipsilateral and 


ure 12 summarizes the results of stimulation 
of the cat’s mesial cortex in the form of a 
‘*feluneulus’’, the feline equivalent of the 
human homunculus. Two feluneculi are shown: 
the anterior one, lower in threshold, is mainly 
contralateral in representation; the posterior 
one shows a front view of the face since ipsi- 
lateral and bilateral facial responses are pro- 


FROM 
(CAT) 


MOVEMENTS 
MESIAL CORTEX 


Fig. 11 
Low threshold areas for different movements from 
the mesial cortex. C = chin, E = ear, HE = head 


and eye, OO = orbicularis oculi, PD = pupillary 
dilation, Test — testicules, W = whisker. The circled 
symbols indicate that the movements are ipsilateral 
and bilateral. The frequency of stimulation is 90/see. 
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FELUNCULUS 


(MESIAL CORTEX) 


Fig. 12 


Two felunculi on the mesial cortex (cat). The anterior 
felunculus, lower in threshold, has mainly a contra- 
lateral representation. No ear movement is found in 
this area. The posterior felunculus is shown with a 
front view of the face, because of the prominent ipsi- 
lateral and bilateral facial movements found in this 
region. The frequency of stimulation is 90/see. 
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HEAD AND EYE MOVEMENTS FROM MESIAL CORTEX 


POSTER/IOR ELEC. CAT DATE 
3 | WILLIE | 9-6-57 
2 | MARY | 10-31-57 
2 | SANDY 3-6-58 
7 SANDY | 3-6-5358 


RT MESIAL CORTEX 
UNANAESTHETIZED 


rPeOp 


PEAN CURRENT AT THRESHOLD (ma ) 


eee ee 
io4 i Pi ee Rina alien 
| —— - ~> “—< 
' 7 
UP BACK <----i----> CONTRA 
4- 
4 10 40 100 400 1000 
FREQUENCY (pps) 
Fig. 13 


Head and eye movements from the anterior and posterior mesial cortex. The results from four 
different electrode locations in three different cats are shown. Stimulation of the anterior 
region at the lower frequencies produces an up and back movement of the head and eyes; at 
the higher frequencies the movement is to the contralateral side. Stimulation of the posterior 
region produces contralateral responses without any up and back responses of the head and 
eyes. In the posterior region, low threshold values are seen only at the higher frequencies 
of stimulation. 
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minently represented. As previously stated, 
the majority of all observed responses involve 
head and facial movements and the regions 
yielding this type of response are not restrict- 
ed to the area of the head and face shown on 
the feluneuli. Figure 12 indicates only the 
relatively low threshold areas for the various 
movements. No ears are found on the anterior 
felunculus. No significant differences are 
found between the maps determined for the 
stimulating frequency of 90/see. and 1/see. 
The threshold curves seen in figure 13 indicate 
a difference between the anterior and poste- 
rior felunculus. In the anterior region, the 
head and eyes show up and back along with 
contralateral movements and respond to both 
the lower and the higher frequencies of stim- 
ulation. The posterior region produces contra- 
lateral responses without any up and back 
responses of the head and eyes. Relatively 
low threshold values are found only at the 
higher frequencies of stimulation. Not only 
for head and eye movements, but also for all 
other types of movements, the posterior felun- 
culus shows low threshold values only at the 
higher stimulating frequencies. One exception 
is pupillary dilation. The anterior felunculus 
shows dilation with relatively low threshold 
values only at the higher frequencies of stim- 
ulation and the posterior feluneculus shows a 
low threshold response both at the lower and 
higher frequencies. 


DISCUSSION 


One of the important features of this study 
is the concerted attempt to use a near-phy- 
slological preparation for the investigation 
of movements, elicited by stimulation of the 
cat’s mesial cortex. A premium was placed 
upon the avoidance of injury: (1) thin, spe- 
cially constructed electrode assemblies rested 
without pressure on the mesial surface; (2) 
a relatively non-injurious waveform was used 
for stimulation and separated well the thresh- 
olds for movement (lower) and seizure dis- 
charge (higher); (3) the experiments were 
performed on conscious, alert, unanesthetized 
animals; and (4) recordable data was collect- 
ed only after full post-operative recovery of 
the animal. The use of electrical stimulation 
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is obviously not physiological (Walshe 1957), 
but this technique has certainly proved useful 
in the investigation of motor functions of the 
cerebral cortex. 


An attempt was made to achieve a given 
state of alertness in the animals during stim- 
ulation. Figure 6 shows the great difference 
in the threshold of movement for the sleeping 
and for the awake states. No evidence exists 
in this study to determine whether the locus 
of the effect of the sleeping state in raising 
the movement threshold is central or peri- 
pheral — the figure is presented as a methodo- 
logical point. 

The threshold values found in this study 
of the mesial cortex are within the same range 
as those found from stimulation of the lateral 
surface (Lilly and Hughes 1956). Stimula- 
tion of all electrodes from the anterior to the 
posterior portions of the mesial surface yielded 
specific movements. No ‘‘silent areas’’ were 
found, but the area between the two feluneuli 
showed the highest threshold values. Thus, 
the function of the entire mesial cortex may 
include a motor representation. Other studies 
(Lilly, Hughes and Galkin 1956; Schneider 
and Crosby 1954) supply evidence that most, 
if not all, of the lateral surface of the cortex 
can produce some specific movement by elec- 
trical stimulation. 

Previous studies (Dunsmore and Lennox 
1950; Kaada 1951; Andy and Chinn 1951; 
and Kaada, Jansen and Anderson 1953) have 
referred to only a few somatic movements 
(mainly facial) elicited by stimulation of the 
eat’s mesial surface. These latter studies most 
frequently involved the use of needle elec- 
trodes that penetrated into cortical tissue and 
thus produced damage. Also, unidirectional 
waveforms were used for electrical stimula- 
tion. In addition, the experimental animals 
were usually not in an alert and unanesthe- 
tized state after full post-operative reeovery. 
It seems likely that the avoidance of injury 
retains a more physiological preparation and 
thus allows for more specific movements to be 
seen. 

The data on the movements elicited by 
stimulation are probably best represented by 
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two feluneuli (see fig. 12) with the two faces 
at the anterior and posterior portions of the 
mesial surface and the extremities in the mid- 
dle. A recent study on monkeys (Showers 
and Crosby 1958) shows a pattern of move- 
ment on the anterior portion of the cingulate 
gyrus which repeats itself in reverse order 
on the posterior portion of this gyrus with the 
face represented at both ends. This evidence 
on the monkey is entirely consistent with the 
evidence in the present study represented by 
the felunculi in figure 12. 


Although certain anatomical and func- 


tional subdivisions have been shown to exist 


within the mesial region, the form of the 
felunculi suggests that the supracallosal mesial 
cortex may be considered a relatively uniform 
part of the brain. No evidence was found, 
for example, to suggest that the cingular area 
includes any specific boundary or subdivision 
of motor representation. Although the supple- 
mentary motor area has been:well described 
as part of the mesial cortex of the monkey 
(Woolsey et al. 1952) and of man (Penfield 
and Jasper 1954), the corresponding area in 
the cat remains uncertain. However, it seems 
possible that the anterior felunculus may be 
related to the supplementary motor area. The 
representation of the back leg, tail, anus and 
testicles of the anterior felunculus is located 
near the lateral surface of the cortex. The 
‘*elassical’’ topographical distribution of these 
body parts in the monkey (Woolsey et al. 
1952) and in man (Penfield and Jasper 1954) 
is located in a similar comparable region near 
the boundary between the mesial and lateral 
surfaces. Thus, it seems ‘possible that this 
part of the anterior felunculus of the cat is 
directly related to, or may be actually part 
of the ‘‘primary’’ motor area that is seen 
mainly on the lateral surface but may extend 
onto the mesial surface. 

Ipsilateral and bilateral movements are 
prominently represented on the _ posterior 
felunculus. The use of many different stim- 
ulating frequencies from 1 to 1000 per see. 
is important in eliciting these movements. 
Figures 8 to 10 show that bilateral and ipsi- 
lateral movements may appear only at low 
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frequencies of stimulation from some elec- 
trodes and only at high frequencies from 
others. Previously, only meager evidence 
existed for a prominent ipsilateral and _ bi- 
lateral representation on the mesial surface. 
Ipsilateral facial grimaces and bilateral move- 
ments of the extremities were described by 
Showers and Crosby (1958) from stimulation 
of the monkey’s cingular gyrus. Strychniniza- 
tion of the anterior cingular gyrus in the eat 
and monkey (Dunsmore and Lennox 1950) 
produces discharges on both cortices and le- 
sions in one supplementary motor area of mon- 
keys (deVito and Smith 1958) produces bi- 
lateral neurological changes. Also, the latter 
experimenters showed that fibers from the 
mesial surface (supplementary motor area) 
project to both ipsilateral and contralateral 
motor area 4. This evidence supplies at least 
one possible neuroanatomical basis for bilat- 
eral and ipsilateral representation on the 
mesial cortex of monkeys. It seems possible 
that a similar neuroanatomical basis exists in 
the cat but clear evidence on this point awaits 
future experimentation. 


SUMMARY 


1. The supracallosal mesial cortex of alert, 
unanesthetized cats was stimulated by bi- 
directional pulses and mapped for movement. 

2. The bidirectional pulse separates well 
the thresholds for movement (lower) and elee- 
trical epileptiform after-discharge (higher). 
An increase in the pulse duration of a uni- 
directional pulse brings these two thresholds 
closer together. 

3. The threshold for movement during the 
sleeping state is approximately twice as high 
as that found during the waking state for all 
frequencies of stimulation. 

4. Two ‘‘feluneuli’’ (feline equivalent of 
homunculus) are found: the anterior felun- 
eulus has a lower threshold than the posterior 
one. The face is represented at the anterior 
and posterior portion of the mesial region with 
the extremities in the middle. The majority 
(86 per cent) of all observed responses from 
the mesial cortex involve movements of the 
face and head. 


—- 


5. Ipsilateral and bilateral responses are 
prominently represented on the posterior 
felunculus. 

6. Evidence is shown to suggest that fune- 
tions of the entire supracallosal mesial cortex 
of the cat may include a motor representation. 


RESUME 


1. Le cortex médian et supracalleux de 
chats éveillés a été stimulé par des influx bi- 
directionnels et la distribution du mouvement 
enregistré sur carte. 

2. L’influx bidirectionnel sépare bien les 
seuils de mouvement (moins élevé) de la dé- 
charge épileptiforme (plus élevé). L’augmen- 
tation de la durée pulsatile d’influx unidirec- 
tionnel rapproche ces deux seuils. 

3. Le seuil de mouvement pendant le som- 
meil est approximativement deux fois plus 
élevé qu’a 1’état de veille pour toutes les fré- 
quences de stimulation. 

4. On trouve deux ‘‘feluneuli’’ (équiva- 
lent félin 1’>homuneuli) : l’antérieur a un seuil 
moins élevé que le postérieur. La face est 
représentée aux parties antérieure et posté- 
rieure de la région médial, les extrémités se 
trouvant a la partie moyenne. La majorité des 
réponses (86 pour cent) obtenues du cortex 
médian intéressent les mouvements de la face 
et de la téte. 

5. Les réponses ipsilatérales et bilatérales 
sont représentées d’une maniére proéminente 
sur le felunculi postérieur. 

6. L’évidence présentée suggére que les 
fonctions du cortex médian supracalleux du 
chat peuvent comprendre une représentation 
motrice. 


ZUSAMMENFASSUNG 


1. Die supra-calloese mediale Hirnrinde 
einer wacher, nicht anaesthesierten Kat- 
ze wurde mit richtungweschselnden Stromstés- 
sen gereizt und die Reaktionen aufgezeichnet. 

2. Der richtungwechselnde  Stromstoss 
trennt gut die Reizschwelle fiir Bewegungen 
(niedriger) und epileptiformer Nachentla- 
dungen (hoher). Eine Zunahme der Impuls- 
dauer eines gileichgerichteten Stromstosses 
bringt diese beiden Schwellenwerte einander 
naher. 
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3. Die Reizschwelle fiir eine Bewegung im 
Sechlafzustand ist ungefahr doppelt so hoch 
wie im Wachzustand. Dies gilt fiir alle Reiz- 
frequenzen. 

4. Zwei ‘‘Feluneuli’’ (Katzen-equivalent 
von Homunculus) wurden gefunden: Der an- 
teriore Felunculus hat eine niedrigere Reiz- 
schwelle als der posteriore. Das Gesicht ist 
im anterioren und posterioren Teil der me- 
dialen Region, mit den Extremitaeten in der 
Mitte liegend, lokalisiert. Die Mehrzahl (88 
Prozent) aller beobachteten Reaktionen des 
medialen Cortex sind Bewegungen des Ge- 
sichts und Kopfes. 

5). Ipsilaterale und bilaterale Reaktionen 
sind vorwiegend im posterioren Felunculus 
represantiert. 

6. Die Wahrscheinlichkeit, dass die Funk- 
tionen des gesamten medialen supracallésen 
Kortex der Watze ein motorisches Gebiet 
einschliess, wird aufgezeigt. 
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INTRODUCTION 


Few studies have featured recording from 
the supracallosal, mesial cortex of the con- 
scious, alert, unanesthetized cat. The type and 
the character of the electrographic and clin- 
ical seizure pattern have not been system- 
atically investigated for the mesial cortex. 
The neuroanatomical connection via the cin- 
gulum between the limbic region and the deep 
temporal structures, like the hippocampus, 
suggests that a psychomotor component may 
be evident in the clinical seizures originating 
in the limbie area. Aside from an investiga- 
tion of the seizure activity of the mesial cor- 
tex, this study was designed to investigate 
certain features of other electrographic phe- 
nomena, such as photie driving, sleep spindles 
and a response resembling the K-complex of 
man. 

METHOD 


The electrode assembly, the type of sur- 
gical operation performed, the apparatus used 
for stimulation, the bidirectional type of stim- 
ulating pulse, and electrode positions tested 
on the mesial surface of the cat are all de- 
scribed under Apparatus and Method in the 
previous paper in this journal (page 447). 
The train duration of each stimulation was 
always 5 sec. Within 1-1.5 see. after the end 
of intensive electrical stimulation, seizure 
activity was recorded on an 8-Channel Grass 


1 This investigation was supported (in part) by a 
grant (B1564) from the National Institute of Neu- 
rological Diseases and Blindness and (in part) by a 
grant (39-16 I) from the American Cancer Society. 
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(Model III A) EEG machine from both the 
mesial and lateral surface of the cortex. The 
electrodes used on the lateral surface were 
similar to those used on the mesial surface. 
No distinction is made in this paper between 
seizure activity and (epileptogenic) after- 
discharge. When full-blown clinical seizures 
occurred (46 were analyzed), the animal was 
usually held very firmly by the experimenters 
so that little movement artifact was recorded 
on the EEG machine. At times, the animal 
was permitted to move freely after the stim- 
ulation so that 16 mm. movies could be taken 
of the clinical seizure pattern. The number 
of electrographic seizures that were analyzed 
totaled 597. Although the results to be pre- 
sented are based on data from four different 
eats, many of the figures are taken from the 
data on the cat, Mary, who was representative 
of all four eats. A Grass photic stimulator 
(Model PS-1) was used in the experiments in- 
volving photie driving. 

The term, supracallosal mesial cortex, will 
refer to the entire mesial surface superior to 
the corpus callosum. The term, limbie cortex, 
will refer to the projection of the anterior 
thalamic nuclei onto the mesial surface and is 
divided into two parts: (1) the anterior lim- 
bie area, including (approximately) the cor- 
tex between the anterior third of the corpus 
callosum and the mesial extension of the eru- 
ciate suleus, and (2) the posterior limbic area, 
including (approximately) the cortex between 
the posterior two-thirds of the corpus callosum 
and the splenial suleus (after Rose and Wool- 
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sey 1948). The posterior limbic area consists 
mainly of the cingular cortex, but also includes 
the retrosplenial area. 


RESULTS 

1. Seizure discharges 

Short-termed electrographic seizure activ- 
ity from the mesial cortex (lasting 5-10 sec.) 
is usually rhythmical and synchronized in 
form, except from the precentral agranular 
area and orbitofrontal region where desyn- 
chronized patterns are frequently seen. 


dency for its appearance after numerous stim- 
ulations eliciting many seizure discharges 
from a given area. Figures 2 and 3 show that 
after considerable epileptogenic activity has 
been elicited within a 1, 3 or 8-day period, 
seizure discharges show an increase in the 
slower frequencies of 8-9/sec., a decrease in 
the amount of faster frequencies of 16-18/see., 
and an increase in threshold. These changes 
are probably related to the eliciting of seizure 
discharges, rather than to the stimulation it- 
self, since no changes are noted with numerous 
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Fig. 1 
Short-termed electrographic seizure activity from the mesial cortex (anterior limbie area). 
Eleetrode 4 of cat, Mary, was stimulated with 11 mA. for 5 see. to elicit the seizure 
activity seen on electrodes 1-4. Note on electrode 4 the faster rhythmical frequency of 
16-18/sec., followed by the slower subharmonic frequency of 8-9/sec. 


Rhythmical frequencies of 16-20/see. are com- 
monly seen from the suprasplenial gyri; fre- 
quencies of 26-28/see. are noted from the 
posterior limbie area and frequencies of 16- 
18/sec. are seen especially from the anterior 
limbie area. Occasionally, the discharges from 
the anterior limbic area include a subharmonic 
frequency of 8-9/see., as seen in figure 1. In 
a review of the instances when this halving 
phenomenon occurred, featuring the fre- 


quency of 8-9/sec., there was a marked ten- 


stimulations at current values subthreshold 
to that yielding seizure discharges. 

Full blown, clinical and electrographic sei- 
zures of the limbie area lasting 1-2 min., begin 
with rhythmical activity like that seen in fig- 
ure 1, but after 10-20 sec., feature high am- 
plitude spike and wave-like complexes at 2-3/ 
sec., as seen in figure 4. These seizures, elicited 
by intensive electrical stimulation, spread to 
the hippocampus. If the origin of the seizure 
is the posterior limbic area, the latency of the 
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spread to the hippocampus is usually 4-6 see. 
If the origin is the anterior limbic area, the 
latency of spread may be as long as 20-30 see. 
Seizure activity is not usually seen on the 
lateral surface unless a grand mal type of elin- 
ical seizure develops, as seen in figure 5. The 
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Fig. 2 

Change in frequency and the threshold of seizure 
activity (elicited by intensive electrical stimulation), 
associated with short-termed electrographic seizures 
produced by periodic, electrical stimulation for one 
day (top) and three days (bottom) on the anterior 
limbie area. The top graph shows an increase in the 
number of times that the (slower) 9/see. seizure 
activity is seen in each successive group of 10 elec- 
trographie seizures produced within one day. The 
bottom graph shows a decrease in the number of 
bursts of (faster) 18/see. seizure activity that is 
seen in each successive group of 20 electrographic 
seizures produced within a period of 3 days. The 
bottom graph also shows an increase in the threshold 
of seizure activity to electrical stimulation within 
those 3 davs. 


seizures that appear restricted to the cortical 
limbie area, spreading to the hippocampus but 
not seen well on the lateral surface, are psy- 
chomotor-like in character. The prominent 


feature of these seizures is violent, wild run- 
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ning behavior, lasting longer than a minute. 
Also seen are pupillary dilation, urination and 
defecation, piloerection, chewing, licking and 
cleaning behavior. These seizures typically 
terminate with voracious eating, which _ be- 
came so predictable in one animal (Mary) 
that, at times, its daily feeding schedule con- 
sisted entirely of plans for 2-3 of these full- 
blown psychomotor-like seizures. Intensive 
electrical stimulation of the mesial surface out- 
side the anterior and posterior limbic areas 
tends to elicit a grand mal type of seizure. . 


2. Photic responses 


Photie driving of relatively high amplitude 
is seen on the mesial surface, as shown in 
figure 6. This figure shows that at certain 
flash frequencies, photic responses on the 
mesial surface may be nearly as high in am- 
plitude as those on the lateral gyrus of the 
lateral surface. However, analysis of oscil- 
loseopie traces shows that the latency of onset 
of the evoked visual response is 11-12 msec. 
from the lateral gyrus of the lateral surface 
and 14-16 msec. from the splenial gyrus of the 
mesial surface. The frequency of 5/see. pro- 
duees driving of highest amplitude on the 
mesial surface. Numerous recordings of the 
resting state of the cat showed that this same 
frequeney of 5/see. appears as the dominant 
frequency in the background rhythm for most 
of the mesial surface. Although considerable 
variability is seen from one electrode to an- 
other, it appears that the frequencies produc- 
ing the best driving are multiples of five. The 
highest frequeney that produces clear photic 
driving is approximately 50/see. 

Figure 7 shows that driving of highest 
amplitude at 5/see. is seen on the splenial 
eyrus, rather than the suprasplenial gyrus 
which shows the highest amplitude of photie 
responses at 1/see. An area within both the 
splenial and suprasplenial gyri shows driving 
of highest amplitude at photie frequencies of 
15-17/see. and 25-30/see. The different out- 
lined areas on the posterior mesial surface 
shown in figure 7 were determined on the 
basis of at least 150 measurements at each 
frequency of photie stimulation. The area on 
the posterior mesial surface showing the 
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Fig. 3 

Change in frequency and threshold of seizure activity (elicited by intensive electrical stim- 
ulation), associated with short-termed electrographic seizures produced by periodic, electrical 
stimulation for eight days. On the abscissa the 8 days of stimulation are represented and 
also (in parentheses) the number of electrographic seizures produced each day. For 
ealeulation, the frequency of seizure activity was grouped into five categories: less than 
9/sec., 9/sec., between 9/set. and 18/sec., 18/sec., and greater than 18/sec. This graph shows 
the number of times that seizure activity is seen at 9/sec. (dots) and at 18/sec. (circles), 
calculated in terms of the percent of all seizure activity. Note that during the eight days 
of stimulation the amount of (slower) 3/sec. seizure activity increases, except for a slight 
reversal toward the end of the experiment. Note that the changes in the amount of this 
(slower) 9/sec. activity are directly related to the changes in the threshold of seizure activity 
and are inversely related to the changes in the (faster) 18/see. activity. 
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Fig. 5 
Same as figure 4, except 90 sec. later. Note that the lateral surface (channel 1 and 2) 
now shows seizure activity, although some movement artifact is included. The limbic area 
continues to show spike and wavelike complexes. Clinically, the seizure at this time is grand 


mal in character. 


highest amplitude of driving varies slightly, 
but significantly, according to the frequency 
of the stimulation. However, it should be 
emphasized that clear photie driving is seen 
at one time or another from all the electrodes 
from the anterior to posterior tip of the mesial 
surface. 


3. Responses during natural sleep 
Figure 8 shows the electrographic response 
toa hand-clap during a drowsy state in the 


eat. This response, appearing prominently on 
the mesial surface and resembling the K-com- 
plex in man, is best seen during the spindle 
state of sleep and is not easily elicited during 
states of deep natural sleep. The form of the 
response varies, but usually consists of a pro- 
minent negative, followed by a longer-lasting 
positive slow wave complex. At times, a di- 
phasic sharp wave precedes the slow negativ- 
ity. Tests of repeated hand-claps show that 


the excitability cyele is approximately 2-3 


Fig. 4 

Seizure activity in the full-blown clinical and electrographic seizure of the cat’s limbie 
area (Mary). The first two channels show activity from the middle suprasylvian gyrus of 
the lateral surface (ealibration of 400 ywV. represented on the upper right). The last 6 
channels show activity from the ipsilateral limbie area of the mesial surface (calibration of 
400 ywV. represented on the lower right). This figure shows the activity of the lateral 
and mesial surfaces 30 see. after a seizure was induced by stimulation of electrode 3 
(channel 5) with 35 mA. Note the high amplitude spike and wavelike complexes at 2-3 see. 
seen on the first 4 electrodes of the limbie area with little evidence of seizure activity on the 
lateral surface (channels 1 and 2). Except for the onset of seizure activity (usually 
similar to that seen in figure 1), the mesial surface, especially the limbie area, shows spike 
and wavelike complexes throughout the entire electrographic and clinical seizure. Clinically, 
the seizures at this time are psychomotor-like in character. 
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Fig. 6 
Photie driving recorded from the lateral and mesial cortex of the cat (Mary). Channel 1 
shows activity from the middle suprasylvian gyrus (a) and channels 3 and 4 from the lateral 
gyrus (c and d) of the lateral surface; channels 5-8 show activity from the posterior mesial 
surface. Channel 2 monitors the light flashes at 5/sec. Note the photic driving of relatively 
high amplitude on both the lateral and mesial cortex. 
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sec., Since a diminished amplitude of response slowing of the heart beat is seen with 56 per 
is seen if stimuli are presented more fre- cent of the responses to a hand-clap and with 
quently than every 2-3 sec. Acoustic stimuli 24 per cent of the spontaneous responses. 

are the most effective in producing this re- Figure 9 (bottom) shows that the maximal 
sponse, which can be elicited less easily by amplitude of this response resembling the K- 
tactile stimuli. Similar responses, appearing complex appears on the anterior limbic area. 
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Fig. 8 

Response similar to the K-complex. Channel 1 shows the EKG. Channels 2-4 show activity 
from the anterior limbie area of the mesial surface (Mary); channels 5-8 show activity from 
suprasylvian gyrus (a, b) and lateral gyrus (ce, d) of the lateral surface. Note the 
diphasie slow wave complex, following the sharp wave, that appears on the mesial surface as 
the electrographic response to a hand-clap during a light sleep state of the cat. Following 
this response which resembles the K-complex in man, a slight transient slowing of the heart 
rate is seen. Note also the sleep spindles. ; 


spontaneously, are frequently seen. Figure 8 The amplitude of the response usually mea- 
shows that there may be a transient slowing sures, on the average, 350 »V. within this 
of the heart rate for a few seconds following region. The top of figure 9 shows that the 
this response. Analysis of at least 50-60 beats maximal amplitude of spindle bursts is seen 
before and after 55 K-complexes showed that also within the anterior limbic region. In 


Fig. 7 
Areas of the mesial cortex showing best photie driving at different 
frequencies of stimulation. The encircled values represent the range of the 
amplitude (in microvolts) of photic responses averaged from at least 150 
selections of good driving from 28 electrodes in 4 different cats. The 
position of the higher value in the range indicates the approximate locus 
of the largest amplitude of photie response within that area. Note that 
the area showing the largest amplitude of photic driving varies according 
to the frequency of the stimulus. 


SPINDLES 
MESIAL CORTEX 


K-COM PLEX 
MESIAL CORTEX 
Fig. 9 

Distribution on the mesial surface of the amplitude 
of sleep spindles (top) and of the response resembling 
the K-ecomplex (bottom). The values shown represent 
the (peak-peak) amplitude (in microvolts), averaged 
from 350 samples of spindles and 200 samples of K- 
complex. Note that the maximal amplitude of the 
spindles and of the response resembling the K-complex 
is seen on the anterior limbie area, and also that the 


distribution of amplitude is similar for these 2 eleetro- 
graphic phenomena. 


addition, the amplitude distribution is similar 
for spindle bursts and for the response re- 
sembling the K-complex. The frequency of 
these spindles is more often 12/see. than 11/ 
sec. and, at times, is as low as 10/sec. and 
as high as 15/see. 
DISCUSSION 

The frequeney of seizure discharges has 
received little attention in the past and has 
not been significantly correlated with any 
particular variable. Figure 1 shows a typical 
epileptogenic after-discharge of 16-18/see. 
from the anterior limbie area. Recording from 
similar regions, Kaada (1951) reported fre- 
quencies up to 18/see., but listed the lower 
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limit as low as 12/see. In figures 2 and 3 the 
halving of the 18/sec. seizure activity to the 
slower 9/sec. activity, noted after numerous 
stimulations eliciting many seizure discharges, 
was associated with a rise in threshold of sei- 
zure discharge. Delgado (1958) reported that 
after long-termed stimulation of subcortical 
structures a similar increased amount of slow 
seizure activity was seen, but no threshold 
changes were noted. This halving phenom- 
enon, featuring the presence of (slower) sub- 
harmonic frequencies and associated with the 
rise in threshold for seizure discharge, has not 
yet been shown to be a general characteristic 
of all brain tissue. However, these data offer 
a suggestion that certain distinctive, clinical 
electrographic entities, such as the 6/see. 
spike and wave complex (Thomas 1957) and 
the classical 3/see. spike and wave complex of 
petit mal epilepsy may not only be related 
harmonically, but may be related so that the 
faster frequency (6/sec.) may represent the 
lower threshold form and the slower frequency 
(3/see.) the higher threshold form of a given 
type of epileptogenic process. Thomas suggests 
that the 6/sec. spike and wave complex may be 
similar to the phantom spike and wave of 
Walter (1950), who reported this phantom 
spike and wave as a transition stage to the 
fully developed spike and wave _ pattern. 
Perhaps there is a similar harmonic relation- 
ship between 14/see. and 6 (to 7) /see. positive 
spikes of ‘‘thalamie and hypothalamic’’ epil- 
epsy (Gibbs 1952). Gibbs (1952) has stated 
that in the young, adolescent age group, when 
this type of electrographic abnormality is seen 
most frequently, the 14/see. spikes are seen 
more often than the slower form. It seems 
possible that the 14/see. spikes may represent 
the lower threshold form and the 6 (to 7) /see. 
spikes the higher threshold form, seen more 
often in older age groups, after many 14/see. 
spikes have occurred in the earlier years. 
Figure 4 shows high amplitude spike and 
wave complexes, representative of the full- 
blown seizure of the limbie area. Kaada (1951) 
observed this same type of seizure discharge 
in two eats. Also, Tiikel and Jasper (1952) 
showed that the spike and wave complex, sim- 
ilar to that seen in petit mal epilepsy, is com- 
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monly seen in the parasagittal disorders of 
man. 

The limbie seizure activity seen in figure 
4 spreads to the hippocampus, which is as- 
sumed to be involved in many of the temporal 
lobe seizures of man. Clinically, the limbie 
seizures in the eat are psychomotor-like in 
character, featuring bizarre behavior patterns 
and autonomie dysfunction. Although data 
from the eat cannot readily be applied to man, 
it seems possible that some seizures originating 
from the limbie area of man may show many 
psychomotor components and, therefore, may 
appear as a temporal lobe epilepsy. These 
limbie seizures would only indirectly, through 
electrical spread, involve the temporal lobe 
and its deeper structures, like the hippo- 
campus. 


The clinical seizures of the limbic area 
typically terminate with voracious eating. 
Similar responses have been reported from 
stimulation of the hippocampus (Coons and 
Miller 1958), various parts of the hypothal- 
amus (Hess 1958), especially the mammillary 
body (Maire 1956) and the anterior thalamus 
(Maire 1956 and Smith 1958). At least part 
of the ‘‘emotional’’ circuit popularized by 
Papez (1950), including the hippocampus, 
mammillary body, anterior thalamus and the 
limbie area, seems involved in the response of 
voracious eating. 

Figure 7 demonstrates the importance of 
the frequency of the photie stimulus in deter- 
mining the area of maximal response. Similar- 
ly, the frequeney of the electrical stimulus, 
applied directly to the brain, is important in 
determining the nature of the movement 
elicited. (See previous paper in this journal.) 
The factor of frequency, therefore, seems im- 
portant in determining the response of the 
brain to both internally and externally ap- 
plied stimuli. 


Although the maximal photie response of 
the mesial area is found, as expected, on the 
posterior mesial surface, clear photie driving 
is seen, at times, from the anterior mesial 
surface. The anterior limbic area, for example, 
shows photic driving and is far anterior to 
the ‘classical visual cortex’’. 


Although these 
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visual responses may well be the result of 
spread through a volume conductor, other 
nonvisual activity within the anterior limbic 
area may be significantly influenced by this 
electrical spread. Visual responses from the 
anterior limbic region may also result from 
neuronal transmission from the anterior thal- 
amie nuclei, where visual responses have been 
noted (Gastaut 1958). 


Figure 8 shows a response suggestive of 
the feline equivalent of the K-complex of man 
(Davis et al. 1939). The similarity between 
the feline and human response is suggested by 
the following facts: (1) the configuration of 
both responses usually shows a prominent 
negative phase, followed by a longer lasting 
positivity; (2) these responses are easily 
elicited in the light sleep states and not in the 
deeper states; (3) both responses are easily 
elicited when sleep spindles are prominent; 
(4) acoustic stimuli are the most effective 
in producing both responses which ean be 
elicited less easily with other sensory stimuli; 
(5) both responses are seen spontaneously ; 
(6) both have a long excitability eyele of a 
duration of seconds. Brazier (1949) has shown 
that the EEG focus in man for slow transients, 
probably spontaneous K-complexes, is far- 
frontal and midline; Gastaut (1954) has noted 
similar responses which appeared maximal on 
the cingular gyrus both in man and in the eat. 
Figure 9 shows that on the mesial surface of 
the cat the more precise locus of the maximal 
K-complex is in the anterior limbie area, just 
anterior and dorsal to the anterior limit of 
the corpus callosum. Figure 9 shows a similar 
locus for the maximal amplitude of the spin- 
dles. Although showing only topographical 
similarity, this figure would suggest a close 
relationship between the K-complex and the 
sleep spindles. Furthermore, the K-complex 
usually appears maximal during the spindle 
state. It would also seem likely that the 
nucleus projecting to the anterior limbic re- 
cion, the anterior medial thalamic nueleus, 
may in some way be involved in the produe- 
tion of spindles and the K-complex, although 
the nonspecific thalamic nuclei appear ma- 
ximally involved in the production of spindles 
(Ralston and Ajmone-Marsan 1956). 


SUMMARY 


1. These studies feature recording from 
the supracallosal mesial cortex of the con- 
scious, unanesthetized cat. 


2. Frequencies of 16-18/sec. are commonly 
seen in the short-termed seizure discharges 
from intensive electrical stimulation of the 
anterior limbie¢ area. 


3. After numerous stimulations eliciting 
considerable epileptogenic activity, seizure 
discharges from the anterior limbic area show 
a decrease in the amount of faster 16-18/see. 
seizure activity, an increase in the amount of 
the (slower) subharmonic 8-9/see. seizure 
activity and an increase in the threshold to 
seizure discharge. 

4. Full-blown electrographic seizures of the 
limbie area feature high amplitude 2-3/sec. 
spike and wavelike complexes, not usually seen 
on the lateral surface, but spreading to the 
hippocampus. 

5. Full-blown clinical seizures of the limbic 
area featuring bizarre behavior patterns and 
autonomie dysfunction are psychomotor-like 
in character. 

6. Photie driving of relatively high ampli- 
tude is seen well on the posterior mesial sur- 
face, especially at the frequency of 5/see. 
Photie driving ean also be seen on the most 
anterior portion of the mesial surface. 

7. The area showing photic driving of the 
highest amplitude varies according to the fre- 
queney of the light flashes. 

8. Responses resembling the K-complex of 
man are seen in the eat. 

9. The area on the mesial surface, showing 
the maximal amplitude of the response resem- 
bling the K-complex, is the anterior limbic 
area where sleep spindles of 12/sec. are also 
maximally represented. 

RESUME 

1. Cette étude présente les tracés du cor- 
tex médian supracalleux du chat éveillé et 
nonanesthésié. 

2. Une fréquence de 16-18/see. s’observe 
fréquemment dans les courtes décharges con- 


vulsives résultant de la stimulation intense de 
la région du limbe antérieur par 1’électricité. 
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3. Aprés de nombreuses excitations cau- 
sant une activité épileptogéne marquée, les 
décharges convulsives de la région du limbe 
antérieur manifestent. une diminution de 1’ac- 
tivité convulsive rapide (16-18/sec.), une aug- 
mentation de 1’activité convulsive subharmo- 
nique lente (8-9/see.) et une augmentation 
du seuil de décharge convulsive. 


4. Les convulsions venant de la région du 
lmbe, quand elles sont pleinement dévelop- 
pées, présentent sur le tracé des complexes de 
haute amplitude (2-3/see.) en clocher et on- 
dulés, qui ne sont pas d’ordinaire observés 
sur la surface latérale, mais qui s’étendent 
dans la direction de 1’hippocampe. 

5. Les caractéres cliniques des convulsions 
venant de la région du limbe, y compris des 
troubles bizarres du comportement et du sys- 
téme autonomique, suggérent une nature psy- 
chomotrice. 

6. Un entrainement des activités occipita- 
les d’amplitude relativement élevée s’observe 
a la surface médiane postérieure spécialement 
a la fréquence de 5/see. Un effet similaire 
s’observe 4 la partie antérieure de la surface 
médiane. 

7. Les régions dont l’entrainement a 1|’am- 
plitude la plus élevée varient avec la fréquence 
des éclairs lumineux. 


8. Des réponses ressemblant au complex- 
K de l’homme s’observent chez le chat. 


9. La région de la surface médiane out la 
réponse analogue au complex-K a |l’amplitude 
la plus élevée est la région du limbe antérieur 
ot l’on observe aussi le maximum de < spin- 
dles » de sommeil de 12/see. 


ZUSAMMENFASSUNG 


1. In dieser Arbeit wird tiber Ableitungen 
der supra-call6sen medialen Hirnrinde a 
einer wachen, nicht anaesthesierten Katze 
berichtet. 

2. Bei intensiver elektrischer Reizung des 
anterioren ‘‘limbischen’’ Bereiches werden im 
allgemeinen Frequenzen von 16-18 Hz in- 
den kurzfristigen Anfallentladungen beobaeh- 
tet. 

3. Nach zahlreichen Reizungen, die eine 
beachtliche epileptogene Aktivitit hervorrie- 
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fen, zeigen die Anfallentladungen des ante- 
rioren ‘‘limbischen’’ Bereiches eine Abnahme 
der schnelleren 16-18 Hz und eine Zunahme 
der (langsameren) subharmonischen 8-9 Hz 
Wellen; der Schwellenwert der Anfallentla- 
dungen erhcht sich. 

3. Ausgepragte elektroencephalographische 
Anfalle des ‘‘limbischen’’ Bereiches zeigen 
‘spike and wave’’ — ahnliche Komplexe von 
hoher Amplitude und 2-3 Hz Frequenz; ge- 
wohnlich werden diese Komplexe nicht an der 
lateralen Hirnoberflache beobachtet, sondern 
zeigen eine Ausbreitung zum Hippocampus 
hin. 

5. Ausgepragte ‘‘klinische’’ Anfalle des 
‘limbischen’’-Bereiches zeigen Ziige bizarren 
Benehmens, einer autonomen Dysfunktion und 
sind somit psychomotorischen Anfallen ahn- 
lich. 


6. ‘‘Photie driving’’ von relativ hoher 
Amplitude ist an der posterioren medialen 
Hirnoberflache, besonders bei einer Frequenz 
von 5 Hz, gut zu _ beobachten. ‘‘Photie 
driving’’ wird ebenfalls am vordersten Teil 


der medialen Hirnoberflache gesehen. 


7. Der Bereich, welcher ‘‘photie driving”’ 


hochster Amplitude aufweist, andert sich mit 
der Frequenz der Lichtblitze. 


8. Reaktionen, die dem K-Komplex des 
Menschen entsprechen, werden auch an der 
Katze gefunden. 


9. Der Bereich der medialen Hirnrinde 
mit maximaler Amplitude der K-Komplex 
ihnlichen Reaktionen ist der anteriore ‘‘lim- 
bische’’-Bereich, who auch Schlafspindeln von 
12 Hz am haufigsten auftreten. 
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For nearly 15 years, at the Sainte-Anne Hospital first, then at the Pitié 
Hospital, the authors studied the comatose states with electroencephalographic 
and neuro-vegetative polygraphic techniques. Most of the patients investigated 
were affected by neuro-surgical conditions and the post-traumatic comas con- 
stituted the largest group among them. 

In the beginning, the authors investigated mainly the relatively acute forms 
of coma, resulting from hypersomnia associated with more or less extensive brain 
lesions and with neuro-vegetative disturbances. On the basis of these studies, 
the coma ean be classified into three stages: I, IJ and III, characterized by their 
increasing depth, by progressive loss of contact with the environment, by an 
increased difficulty of arousal and by a loss of the principal cephalic reflexes 
(palpebral, corneal and swallowing ). 

There exists no specific EEG pattern or rhythm characteristic for comatose 
states, for even if a tendency to slow activity is an undisputable fact, the EEG 
tracings of comatose patients often show alpha or theta frequencies which pre- 
dominate in the parieto-occipital regions whereas the slow wave forms originate 
from more anterior head regions. On the other hand, according to the authors, 
the criteria, which can be taken as the measure of the severity of the comatose 
state, are the reactivity of the tracing to external stimuli, its periodicity or 
monotony, as well as the cortico-vegetative correlations investigated by the simulta- 
neous recording of the EEG and of the respiratory cycle. 

Resuscitation procedures, artificial respiration and the prolonged survival 
of comatose patients makes it possible to observe novel aspects of the evolution 
of comatose states; hypersomnia disappears and the vegetative disturbances 
regress but major psycho-motor deficits persist. Newly found post-comatose syn- 
dromes (hypertonic stupor, psycho-motor dissolution) are now under study. 

The problem of acute cardio-respiratory failures and that of the ‘‘death of 
the brain’’ are studied with the EEG and make it possible to visualize the pos- 
sibility of an electrographic study of the collapse and of the acute disturbances 
of cerebral circulation. 

This volume will be of service, firstly to the electroencephalographers who 
study severe head injuries which are becoming more and more numerous; how- 
ever, without going into too many technical details, the authors have succeeded 
in writing a study which will be useful for neurologists, neurosurgeons, and for 
all those interested in the problems of forensic medicine and resuscitation tech- 


niques. 
I. Patient material. — II. Methods of examination; Neurological examination. Diagnostic 
laboratory procedures. — IIT. Electroencephalographic symptomatology of comatose states. 


IV. States of coma: State I: Clouding of consciousness. State II: Coma in the strict sense. 
State III: Deep coma. State IV: Acute cardio-respiratory failure. Death of the brain. 


Discussion V. — Evolution of comatose states: Acute evolution (States I, II, III). Chronic 
evolution: Prolonged clouding of consciousness. Post-comatose hypertonic stupor (case histories 
land 2). Mutism: Psychomotor regression in the infant. Discussion. — Bibliography. 
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CONDITIONING OF RETICULAR FORMATION 


STIMULATION EFFECTS ! 
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Departamento de Electrobiologia, Instituto de Investigaci6n de Ciencias Bioldgicas, 
Montevideo, Uruguay 


(Received for publication: September 12, 1958) 
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Environmental stimuli are paramount 
among issues that participate in determining 
the transition from sleep to wakefulness or 
the passage from a wakeful but inattentive 
condition to one of alert vigilance, attack or 
defence. It is generally conceded that their 
influence is exerted through activation of 
central brain stem structures, direct excita- 
tion of which induces comparable types of 
performance (Hess 1956; Moruzzi and Ma- 
goun 1949; Rossi and Zanchetti 1957; Se- 
gundo 1956). The purpose of the present series 
was to explore the possibility that systematic 
association of a tone with direct stimulation 
of such nuclei might modify the response of 
the animal to the sound. As will be seen, this 
is indeed the case: after repeated reinforce- 
ment, a previously indifferent tone will even- 
tually be capable, per se, of provoking a be- 
havioral response analogous to that produced 


by the reticular stimulation and also of 
awakening the sleeping animal. 
MATERIAL AND METHODS 


Experiments were made on 7 adults eats 
carrying electrodes implanted chronically ac- 
cording to a technique described elsewhere 
(Segundo, Arana and French 1955). Cortical 
records (sensori-motor and auditory) were 
obtained through extradurally placed pairs of 
enameled stainless steel wires (.125 mm. in 
diameter; bared a length of 1-3 mm.). Deep 
stimulation and/or recording (centre median 
of thalamus-CM, mesencephalic reticular form- 
ation-MRF, hippocampus) was obtained with 
electrodes consisting in a pair of stainless steel 
wires (.125 mm. in diameter insulated except 


1 Supported by grants from the Rockefeller Foun- 
dation and Donacién Arana. 
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at the tips and fastened to a thicker wire strut, 
reaching to within 10 mm. of the tips). 
Observations were carried out in a quiet 
environment where behavior could be observ- 
ed (without the animal seeing the investigator ) 
and ERG recorded on a 6-channel Grass III-D 
machine. Absolute (unconditioned or original ) 
stimuli consisted in electrical excitation (wave- 
form, sinusoidal; frequency, 50-150 ¢/sec.; 
duration 4 or 10 see.) applied through deep 
electrodes to CM (4 eats) or MRF (3 eats). 
Voltages (see below) were adjusted as to 
produce, on each application, a stereotyped 
response. Animals, site of stimulation and 
responses are given in table I. A tone (gen- 
erated by a Hewlett Packard 200 AB audio- 
oscillator and a loudspeaker) was used as 
indifferent (and eventually conditioned) stim- 
ulus in 6 eats; frequeney and duration varied 
from one animal to another (200, 700, 1000, 


TABLE I 
Preparation Absolute Conditioned Response 
serial stimulus stimulus 
number to (tone) 
9 MRF 200 e/see. Head 
: 10 see. turning 
10 CM 1000 e/see. Head 
4 see. turning 
11 CM 1000 e@/see. 
Cessation Cowering 
13 MRF 700 e@/see. 
4 see. Cowering 
14 MRE 3000 ¢/see. Head 
4 see. turning 
15 CM 1600 e@/see. 
4 see. Rolling 
16 CM. 1600 e@/see. 


4+ see, Cowering 
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1600 or 3000 ¢/see.; 4 or 10 sec.) but were 
constant for each preparation; intensity was 
the same for all acoustic stimuli used. 


Animals were followed through three 
stages. Stage I: the tone was applied alone 
a large number (hundreds) of times until no 
behavioral or electroencephalographic — re- 
sponse occurred. Stage II: the tone was sys- 
tematically associated to the absolute stimulus 
(both having identical duration, the second 
half of the tone coincided with the first half 
of the excitation). Sessions were carried out 
daily (at different times of the day), lasted 
approximately one hour and involved up to 
25 reinforcements at 2-5 min. intervals. The 
effect of the tone applied alone was tested in 
each session. After establishment of a con- 
sistent acquired response to the tone (see Re- 
sults), an effort was made to obtain classical 
types of inhibition: external (with unexpected 
stimuli) and internal discriminatory, condi- 
tioned, delay and extinction (by non-rein- 
forcement of tones of different frequencies, 
of tones preceded by a buzzer, ete.). Stage 
III: lesions were placed through the implant- 
ed electrodes (in CM, 2 cases; in MRF, 3 
cases) with the purpose of determining 
whether destruction at the site stimulated (or 
elsewhere) modified the learned response. 
This entire procedure took place during wake- 
fulness. 


The awakening potentialities of the audi- 
tory stimulus per se were explored during 
natural sleep: (1) at the beginning of the 
entire procedure (the very first tone or one 
of the first dozen at the most was applied 
under conditions of sleep); (2) at various 
points of stage I (during and after habitua- 
tion); (3) at various points of stage II 
(during reinforcement, discrimination, extine- 
tion, etc.) ; (4) at stage III (after lesion). An 
animal was considered asleep when the char- 
acteristic attitude (lying on its belly or side, 
eyes closed, relative immobility and non re- 
sponsiveness) was associated with a large 


1 Lesions were produced electrolitically, under 
ether anesthesia (without electrolysis). Previously, 
animals were subjected to a similar anesthesia: no 
modifications occurred in responsiveness as_ tested 
after behavioral recovery. 


amplitude, slow EEG. Such a situation was 
occasionally difficult to encounter for behavior 
might be typical for minutes or hours and 
the EEG remain one of wakefulness or, at 
the most, relaxation (Rowland 1957 ; Segundo, 
Arana and French 1955; Sharpless and Jas- 
per 1956). Two procedures were followed in 
such cases (a) waiting until the animal finally 
did sleep (in the early a.m. perhaps) (Se- 
gundo, Arana and French 1955; Sharpless 
and Jasper 1956); (b) leaving it overnight in 


EFFECT OF TONE 


S.-M.CO - 4 INV. R. 
T.(1) Hoth yahr ie in tapehihreinninirvahee | 
NO MOV. 
T. (200) Viiv Nmphlianed nA MINA iphen hs 
COND. R. 
T-St. (260) aimed heer \ity la Namerheantnntnaannnrantieniy vain aie | 
Fig. 1 


Effect of tone alone upon wakeful animal (records 
from right sensori-motor cortex). T (1); first pre- 
sentation produces EEG ‘‘desynchronization’’ and 
an investigation reflex. T (200): after 200 applica- 
tions, no behavioral or EEG effect. T-St (260): after 
260 reinforcements, the tone alone produces a condi- 
tioned response, an evoked potential and an EEG 
‘“desynchronization’’. COND. R., conditioned re- 
sponse; INV. R., investigation reflex; NO. MOV., 
no movement; S-M. CO., sensori-motor cortex; T., 
tone; T.-St, tone usually reinforced by absolute stim- 
ulation. Calibration for all figures, 1 see., 50 yvV. 


a dish with water (which forced it to remain 
erect) and testing the following day or even- 
ing (Rowland 1957). 


Instances of awakening or alerting pro- 
duced by the cessation of a stimulus are cur- 
rent in human experience. Accordingly, the 
seventh cat was submitted to a continuous 
tone of 1000 ¢/sec., periodic interruptions of 
which were followed (2 see. later) by an ab- 
solute electric stimulus (of 2 see. duration) 
to CM. The purpose was to modify, if pos- 
sible, the response provoked by the cessation 
of the tone. 
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RESULTS 


Results concern variations in response to 
tone. Stage I. (1) Cat awake. The first tones 
alerted the preparation and produced a typical 
orienting reflex. With repetition of stimulus, 
the response attenuated gradually and finally 
disappeared (habituation). Parallel to reduc- 
tion of behavioral response (but not coinciding 
exactly with it) the generalized EEG voltage 
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(11) Cat asleep. Presentation of the first 
tones to the sleeping animal produced, in 
every case, typical behavioral and EEG 
arousal (fig. 2). If the stimulus was re- 
applied on the same night, partial or total 
attenuation of the effect occurred (Sharpless 
and Jasper 1956); arousal-habituation came 
earlier in successive nocturnal sessions in a 
fashion grossly parallel to that of alerting- 


EFF. OF TONE ASLEEP 


S.-M. CO, BEH. AS. i 
T (1) 


BEH. AR. 


SAA te aritentimnnyamtnn, | 


T (200) 


NO MOV. 


Lhe has alia Sa dhe] ol od Va tac | hea 


BEH. AR. - COND, R. 


T-St.(200) AINA Ae Avena apntionubtpdrn | 


BEH. AR. - COND. R. 


Post- Les. WV ya er | 


Fig. 2 


Effect of tone alone upon sleeping animal (records from right sensori-motor cortex). 
T (1): first presentation produces EEG and behavioral arousal. T (200): after 200 
applications, no behavioral or EEG effect. T-St (200): after 200 reinforcements, the 
tone alone produces EEG and a behavioral arousal and the conditioned response (head 
movement). Post-Les.: after electrolytic destruction of area surrounding electrode 
(MRF) the effect of the tone persists. BEH. AR., behaviorally aroused; BEH. AS., 


behaviorally asleep; Post-Les., post-lesion. 


reduction-frequeney increase (‘‘desynchroniz- 
ation’’, ‘‘aetivation’’) produced by early 


tones became less noticeable and was abolished 
(fig. 1); oceasionally, an increase in ampli- 
tude of pre-existing slow rhythms was pro- 
duced by the habituated tone (Buser and Ro- 
ger 1957; Fessard and Gastaut 1954; Gastaut 
et al. 1957). 


habituation in diurnal sessions. EEG aspects 
of arousal survived longer than behavioral 
manifestations. Eventually, not even the first 
tone caused the slumbering animal to respond 
(fig. 2). This oceurred also in cats in which 
no more than 38 nocturnal sessions (with up 
to 3 tones in each) were earried out during 
stage I, which would indicate that repeated 
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application during wakefulness suffices to 
abolish the arousing potentialities of a given 
stimulus. 

Stage II (1) Cat awake. Absolute effects 
produced by electrical excitation of CM or 


BEHAVIORAL 


to the side of the stimulus) and, occasionally, 
urination and defecation (2 cats); (C) as 
(B) plus rolling (on to the side of the stim- 
ulus) (1 eat) (fig. 3). 

The first tones of stage II were followed 


RESPONSE. 


Fig. 3 


Absolute and conditioned behavioral response. First line from top, control 
previous to absolute stimulus. Second line, effect of absolute stimulus (to 
brain stem). Fourth line, control previous to conditioned stimulus. Third 
line, effect of conditioned stimulus (tone). Column A, head turning, ete. 
by right mesencephalic reticular formation excitation. Column B, cowering, 


ete. by right centre median excitation. 
absolute stimulus; 


median excitation. ABS. ST., 
stimulus, CONT., control. 


MRE consisted in: (A) head turning to side 
contralateral to stimulus, mydriasis, widening 
of palpebral fissures (3 cats); (B) head turn- 
ing, mydriasis, widening of palpebral fissures, 
retraction of body, cowering (as if retreating 


Column C, rolling by right centre 
COND. ST., conditioned 


by no response. After 10-30 associations, the 
tone alone evoked behaviour that outlined 
orienting, startle, flinching or cringing re- 
sponses (if previously involved in ‘‘sponta- 
neous’’ activity, cessation of latter) : such ef- 


a —~ ae | 


the 
ined 
re- 
nta- 
. ef- 


fects varied from one application to another. 
After 60-600 associations!, the tone alone 
induced a behavioral response that repro- 
duced that to the absolute stimulus (see above) 
(fig. 3). This effect consisted in: (A) head 
turning (to the side contralateral to the elec- 
trode implantation) and mydriasis (also eye 
opening if previously closed) (3 eases) (fig. 
3, A); (B) head turning, mydriasis, flinching, 
ear retraction and cowering (2 eases) (fig. 
3, B); (C) head turning, mydriasis, ear re- 
traction and rolling on its side (1 ease) (fig. 
3, C). When the absolute effect involved 
elimination of urine and feces, placement of 
the animal in the experimental situation suf- 


EFFECT OF 
1009 % COND. RESP. 
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the usual effect (external inhibition). After 
a stage of response to a whole gamut of fre- 
quencies (generalization) the animal would 
react specifically to the re-inforeed (e.g., 200 
c/see.) and not to the non-reinforeed (e.g., 
210, 225, and 250 ¢/see.) tones (differential 
inhibition). If no reinforcement came each 
time the auditory stimulus followed a buzzer 
(of 4 sec. duration), the animal would finally 
not respond to tones preceded by the buzzer 
(conditioned inhibition) (fig. 5). After re- 
peated application without reinforcement, the 
response to the positive tone became less fre- 
quent and disappeared (extinction). If a 
foreign stimulus was applied together with an 


TONE 


A 


a 


140 DAYS 
+ o 


— a? 0 ae 


& 
@ 


al a 


REINFORCEMENT 


NO REINFORCEMENT 


Fig. 4 
Curve of ‘‘Learning’’ and of ‘‘Extinction’’: On abscissae, time in days. On ordinates, 
percentage of conditioned responses in each daily session. This curve belongs to the first cat 
in the series: hence (see text), establishment of the conditioned response was a_ slower 
process than in preparations that followed. COND. RESP., conditioned response. 


ficed to provoke urination or defecation. In 
successive sessions, the percentage of positive 
responses increased rapidly, (with minor oscil- 
lations) reaching and remaining at (or close 
to) 100 per cent (fig. 4). 

Procedures causing inhibition in classical 
observations avoided or abolished occurrence 
of the acquired response (Pavlov 1941). If 
an ‘‘unexpected’’ stimulus (knocking, ete.) 
preceded the tone, the latter failed to produce 


1The number of trials necessary to establish the 
response decreased from the first (500-600) to the 
second (200-300) and then to the last group (60-100) : 
this variation may have been due to improvement in 
the experimental technique. 


inactivated (inhibited) tone, the latter would 
vive the typical response (dis-inhibition). 
When the duration of the first (non-rein- 
forced) portion of the tone was gradually in- 
ereased, the acquired response first shifted 
towards the moment of reinforcement and 
eventually disappeared when a 20-45 see. 
‘‘delay’’ had been reached. 

In the course of stage II, the EEG re- 
sponse varied also. Soon after reinforcement 
began, a generalized ‘‘desynehronization’’ oc- 
eurred at the initiation of each tone. This 
effect was encountered consistently through- 
out stage Il, providing some degree of ‘‘syn- 


chrony’’ pre-existed; ‘‘activation’’ localized 


BAe hon a gees nee ee . 
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to one single area was never observed. The 
initiation of each auditory stimulus also came 
to produce a clear-cut evoked potential in sen- 
sory motor cortex, centre median and mes- 
encephalic reticular formation; very obvious 
when the animal was relaxed, it became less 


conditioned) had been established, repeated 
application of the inhibitory stimulus led in 
a few minutes to sleep, both behavioral and 
EKG (fig. 6). 

(11) Cat asleep. After repeated reinforcee- 
ment, the previously ‘‘habituated’’ tone, be- 


CONDITIONED _ INHIBITION 


CONT. 


T. 


BUZZ. 


Fig. 


5 


Conditioned inhibition. Upper line: conditioned cowering response to the 
usually reinforced tone when applied alone. Lower line: no response to 
the non-reinforced buzzer-tone association. BUZZ., buzzer: NON-R., non- 


reinforced; R., reinforced. 


noticeable against a background of low volt- 
age-fast activity (fig. 1). 

Negative stimuli continued to yield char- 
acteristic EEG changes after behavioral ef- 
fects had disappeared, but finally came to 
produce no response. When certain situations 
of non-responsiveness (inhibition of delay or 


came again capable of arousing the prepara- 
tion when applied alone (fig. 2). It is not 
possible to state how many associations suf- 
fice for this to oceur but the earliest arousal 
was produced after 61 reinforcements. At the 
period when the wakeful animal had learned 
to react to the tone by a response analogous 
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to that of the brain stem excitation, arousal 
from sleep was frequently associated with a 
similar performance. Tones rendered inop- 
erant in the vigilant cat through extinction, 
delay or internal inhibition also became in- 
capable of arousing the slumbering prepara- 
tion. Inhibition through differentiation gave 
a somewhat more complex picture and figure 
7 illustrates the effects when applied during 
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caused exclusively EEG ‘‘arousal’’ (that was 
more Obvious for the lower frequency) with 
no associated movements. 

In the remaining eat, brain stem excita- 
tion came after cessation (CT) of a continuous 
tone. The beginning of the first presentation 
caused alerting with EEG ‘‘desynchroniza- 
tion’’ but no change occurred at the termina- 
tion. After habituation, the tone was inop- 


DELAY (50 sec). 


T; BEH. AR.- QUIET WALKS 


S-MCO. 1-2 »tedtnnitirn msl \_ [| 


CT 
INVESTIGATES 


ne Net pt inthe af tage PAA AOR 


C.M. 
T2 SITS. EYES OPEN, QUIET BEH. AS. 

wrsorniy lM etoreetti i ntternomai (ait lao AAN nade 
Ts BEH. AS. BEH. AS 


Fig. 6 


Hypnogeniec effect of ‘‘delayed’’ tone (50 see. 


duration) (records from right sensori motor 


cortex and from centre median). Left column, initiation of tone; right column, cessation 


of tone. Upper line: on first application 


(cat awake but quiet) the animal walks and 


investigates throughout tone. Middle line: on second application (cat awake but quiet), 
the animal remains quiet and ends behaviorally and electrographically asleep. Lower line: 
animal behaviorally and electrographically asleep throughout. CM (3-4), right centre median. 


sleep of a ‘‘positive’’ tone of 200 ¢/sec. and 
of ‘‘negative’’ tones of 210, 225 and 250 ¢/see. 
(to which the awake cat did not reply). The 
former caused behavioral and EEG arousal 
associated with a conditioned response. The 
latter differed: whereas 210 ¢/see. aroused 
behaviorally and electrographically (giving 
no conditioned response), 225 and 250 ¢/see. 


erative at both ends. Soon after commencing 
with reinforcement of CT, alerting and EEG 
‘‘activation’’ came to be produced both at iT 
(initiation of tone) and CT (cessation of 


tone), the effect of the latter being of longer 


duration; finally, iT caused little if any be- 
havioral or EEG modifications but CT con- 
sistently produced an evoked potential (in 
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sensory motor area), a generalized EEG 
‘factivation’’ and, behaviorally, cessation of 
spontaneous activity, immobilization, flinch- 
ing, startle patterns, blinking, head move- 
ments, ete. (fig. 8). A response similar to the 
absolute effect also appeared after 600 rein- 
forcements but never occurred in more than 
50 per cent of the trials. When asleep, the 
first tones aroused at iT but not at CT; 


FREQ. DISCR. ASLEEP 


S-M. CO BEH. AS. 7: BEH. AR. COND. R. 


200 VU IR). 4, MA inp: yi AWA peenet omen 


BEH. AR. 


210 ~% Miniming i dil sof di hana Adame Adin 


NO MOV. 


225% Hi BANK AMV NAN, yore remnant 


NO MOV. 
250% | MO MaY |vaN asa vuidetad aaaaecudaarork 


Fig. 7 


Frequency discrimination asleep: behavioral and EEG 
(records from right sensori-motor cortex) effects of 
‘“positive’’ (200 e/see.) and ‘‘negative’’ (210, 225 
and 250 e/sec.) tones. DISCR., discrimination; 
FREQ., frequency. 


arousal habituation ensued during stage I. At 
the beginning of stage II, behavioral and EEG 
arousal occurred at iT and CT. Finally iT 
caused no changes other than a brief EEG 
‘‘arousal’’; CT continued to evoke a complete 
arousal reaction (fig. 9). 

Small (not larger than 1 mm. in diameter) 
electrolytic lesions were placed terminally in 
the stimulated locus (CM, MRF) or elsewhere 
(CM when stimulating MRF or viceversa) ; 


no changes were encountered in the ‘‘sponta- 
neous’’ or learned behavior (fig. 2). These 


observations were supplemented by one an- 
imal that, on recovery from a barbiturate an- 
esthesia!, exhibited a moderate degree of 


1 Nembutal Abbott (35 mg/kg. body weight) with 
the purpose of repairing sub-cutaneous cables, 


somnolence and on the right side, miosis and 
paralysis of the nictitating membrane (symp- 
toms disappeared gradually within 30-40 
days); a typical response (established pre- 
viously by reinforcing 100 times a tone of 
1600 ¢/see. with excitation of rostral C.M.) 
was abolished and did not reappear after 
100 additional trials. The animal was then 
subjected to classical tone (200 ¢/see.) shock 
to leg technique: after 50 reinforcements, it 
came to respond to the tone with flinching 
or startle patterns and, occasionally, with leg 
retraction. Finally, 100 associations of the 


first tone (1600 ¢/see.) and CM (rostral pole) 


excitation re-established the lost initial re- 
sponse. Necropsy showed a lesion involving 
posterior half of right CM and extending 
medially into the nucleus parafascicularis. 


Two complementary features shall be 
noted: (a) ‘‘Spontaneous’’ behavior in the 
experimental situation. Throughout stage I, 
all animals were quiet and either sat or lay 
down (exhibiting EEG spindles or, occasional- 
ly, sleep patterns). As reinforcement ad- 
vaneed (first part of stage II) behavior 
changed. Animals refused to be introduced 
into the conditioning cage and once inside 
(previous to all stimulation), became restless, 
walked up and down continuously, meowed 
loudly and, in three eases, excitedly scratched 
the glass front, attacked connecting cables, 
urinated, defecated and/or rolled on their 
backs (this conduct became more marked as 
session advanced and stimuli were applied). 
As training continued, such a performance be- 
came less noticeable and disappeared. During 
the remainder of the study, attitude was one 
of quiet but vigilant wakefulness with a com- 
pletely ‘‘activated’’ EEG; spindling was in- 
frequent and throughout a total of nearly 
1000 sessions sleep was never encountered ”. 

(b) Voltages necessary to reproduce a 
constant response to brain stem excitation. 
At the beginning, 5-7 V. would suffice but, 
in each animal, these values increased in two 
ways: (i) ‘‘Acute’’ inerease: during each 
experimental session, successive augmenta- 
tions of up to a total of 30 per cent became 


2 Except when induced by repeated applications 
of ‘‘negative’’ signals (see above). 
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INITIATION AND CESSATION OF TONE 


M. CO. 


iT CT 
T12) etal Al emer! YR MY UA 


T1150) WA AW Whayrunaliae Miata. iy inden Ann) ear E 


CT-St (32) Ui Ald dha AH Mmmm crrnenrrsndndphali 


RIVA fren emer 


CT SNSOO heh AMHIANNAiMiruhiiedbitaaipnd> — aboriiiadledeyettnamesengnned-tennpmaney | 


Fig. 8 


EEG effects of initiation and cessation of tone upon wakeful animal (records from sensori- 
motor cortex). T (1): first presentation produces EEG ‘‘desynchronization’’ at initiation 
(iT) and little or no effect at cessation (CT). T (150): after 150 applications, no effect 
occurs. CT-St (32): after CT has been reinforced (by centre median stimulation) 32 times, 
‘¢desynchronization’’ is caused by CT and, to a lesser extent, iT. CT-St (500): iT gives 
a slight ‘‘desynchronizing’’ effect; CT provokes an evoked potential and a clear-cut, pro- 


longued ‘‘desynchronization’’, 


INIT. & CESS. OF TONE ASLEEP 


T (120) 
S-M.CO. BEH. AS. NO MOV. 
IT SW iiha/ WA apetlyt io Mine par | 
BEH. AS. NO MOV. 
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CT-Sst (700) 


BEH. AS. NO MOV. 

iT per we poo dng/\ ih Lapa pt rape tenmnbetommasiagins | 
BEH. AS. BEH. AR. 

CTR) AA ieee seme nataenigaeneneenne | 
Fig. 9 


Effect of initiation and cessation of tone upon sleep- 
ing animal (records from sensori-motor cortex). T 
(120): after 120 applications, no behavioral or EEG 
effect takes place at tone initiation (iT) or cessation 
(CT). CT-St (700) after 700 reinforcements of 
CT, IT produces a short liver EEG ‘‘arousal’’ with 
no behavioral effect; CT produces EEG and be- 
havioral arousal. 


CT, tone cessation; iT, tone initiation. 


necessary. Intermittent testing in the post- 
session period showed that threshold returned 
gradually to normality in 5-24 hours. If 
voltages were not augmented, the behavioral 
response attenuated and was abolished. Pre- 
cise measurement of impedance, current and 
voltage values involved in each stimulation 
constitutes a delicate physical problem: pre- 
liminary observations were performed in 
which voltage and intensity were monitored 
with cathode-ray-oscillosecope and camera. No 
changes were observed in the electrical char- 
acteristics of the stimulus in the course of 
response attenuation; hence, the latter could 
be due to a peculiar excitability cycle in the 
susceptible substratum. Further confirmation 
is desirable. 

(11) ‘‘Chronie’’ inerease. In the course of 
weeks, threshold went gradually up to about 
5 times the initial value (e.g., from 1.5 to 7.5 
V., after 5 months and 1500 excitations) ; re- 
sistence (measured on a Heathkit MMI Multi- 
meter) increased in a grossly parallel fashion. 
Electrodes placed chronically (but not used 
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for stimulation) produce damage to nervous 
cells, encapsulation, ete. (Collias and Manue- 
lidis 1957) ; data as yet unpublished indicate 
that changes even more intense occur when 
implanted electrodes are used for excitation. 
Anatomical alterations plus other changes 
(polarization, etc.) may provoke this chronic 
threshold increase. 


DISCUSSION 


Faced with environmental change, an an- 
imal either remains indifferent or exhibits be- 
havior (arousal, alerting, startle, defense, at- 
tack) leading usually to increased awareness 
or safety. The readiness with which a stimulus 
produces these effects is obviously related to 
its characteristic quality, intensity, duration 
and localization (e.g., painful, strong or pro- 
longued excitations are more effective than 
painless, weak or brief ones). Everyday ex- 
perience shows, however, that waking or 
alerting potency varies also with ‘‘personal 
historical’’ issues such as the number of times 
the subject has been exposed to the stimulus, 
the circumstances of its presentation or the 
connotations it may carry (novel, unexpected 
or significant excitations are more effective 
than uniform, anticipated or trivial ones). 


Animal experimentation supports the con- 
tention that learned mechanisms influence the 
promotion of basic behavioral shifts and may 
either decrease or increase the ‘‘intrinsic’’ 
tendency of a given situation. Repetition of 
a stimulus (which was effective when novel) 
leads to abolition of the behavioral (arousal, 
alerting, startle) and electroencephalographic 

‘‘aectivation’’, evoked potential) changes in- 
duced initially (Jouvet and Hernandez Pedén 
1957; Pavlov 1941; Prosser and Hunter 1936 ; 
Sharpless and Jasper 1956). If the indif- 
ferent stimulus (e.g., tone) becomes the signal 
for a painful shock, alerting and startle pat- 
terns are again produced (the classical con- 
ditioned response will be the final result of 
the procedure) (Pavlov 1941); the newly 
attained ability goes together with an acquired 
capacity for awakening the sleeping animal 
(Rowland 1957). The present experiments 
confirm the loss (through repetition) and 
the re-acquisition (through reinforcement 


with adequate stimuli) of the arousing and 
alerting possibilities of a given tone. 
Consideration of these reports suggests 
also that, though constant in their basic 
aspects, patterns differ in minor details from 
one instance to another. Orienting, defense 
and flight effects produced by electrical ex- 
citation of brain stem structures resemble 
closely responses to natural stimuli but, for 
each electrode placement, are _ stereotyped 
(Delgado 1952; Delgado, Roberts and Miller 
1954; Hess 1956; Segundo, Arana and French 
1955). If a tone is reinforced with a stimula- 
tion of this type, a learning process takes place 


and, as a result, the tone per sé will provoke 


a response that is identical to the absolute 
effect (head turning, cowering, rolling, ete.). 
Therefore, learning to be awakened or alerted 
or to assume defensive patterns may involve 
more than the pertinent general attitude: it 
may even implicate minor features and pre- 
cise gestures that individualize one response 
as different from others of the same kind. 


An appropriate incentive may be obtained 
either from presentation or cessation of a 
tone: the latter possibility confirms common- 
place observations and extends experimental 
reports (Rowland 1957; Zeleni 1907). Cer- 
tain units in the auditory system react to 
substraction of sound, so no special mechanism 
need be postulated for the elaboration of 
learned responses to tone cessation (Galambos 
1952). 

The learning process analyzed here ex- 
hibited the main features of classical condi- 
tioning (technique, evolution, inhibition, dis- 
inhibition, ete.) (Pavlov 1941). Natural ab- 
solute stimuli (shock to leg, food, ete.) have 
occasionally been replaced by direct electrical 
excitation of nervous tissues, usually with the 
purpose of placing the locus of learning. 
These efforts have met either suecess (dorsal 
roots, posterior columns, lateral cerebellar 
lobes, hypothalamus, amygdaloid complex) or 
failure (ventral roots, sygmoid gyri, hypo- 
thalamus) (Ban and Shinoda 1950; Masser- 
man 1941; Miller 1957; Morgan 1951; Roig, 
Sommer Smith, Galeano and Segundo): the 
assumption has been made that failure derives 
from the fact that the stimulation is applied 
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beyond the area where new connections may 
be established, i.e., closer to the effector. 
Application of this criterion suggests that 
most pathways that issue from stimulated nu- 
elei (CM, MRE) and eventually reach so- 
matic or autonomic effectors do indeed tra- 
verse a zone that may be penetrated by fresh- 
ly formed channels (that emanate from acous- 
tic pathways). The precise locus of the new 
connection is not placed in the immediate 
vicinity of the stimulating electrode, since 
small electrolytic destruction at that level 
did not modify conditioned responses. One 
eat exhibited a perturbation in its learned and 
learning abilities after a relatively large lesion 
of caudal half of CM: further studies are in- 
dicated to confirm and extend this and sim- 
ilar (but scattered) reports on the deleterious 
effect of subcortical lesions upon conditioned 
behavior (Deryabin 1946; Fessard and Gas- 
taut 1954; Hernandez Peén, Guzman Flores, 
Alearaz, and Fernandez Guardiola 1956; 
Knott, Ingram and Correll 1956; Stellar, 
Chambers, Live, Levitt and Sprague 1958). 

The relationship between learning and 
brain stem probably goes beyond the simple 
acquirement of behavioral reactions mediated 
at that level. Evidence has been reviewed 
elsewhere suggesting that important steps in 
the process of conditioning occur therein 
(Buser and Roger 1957; Fessard and Gas- 
taut 1954; Gastaut et al. 1957; Lissak 1956). 
Moreover, epinephrine influences learned 
reactions and does so by way of a neural sub- 
stratum tentatively placed in hypothalamic 
and/or mesencephalic nuclei (Anokhin 1957). 
A direct excitation of these areas (sub-thresh- 
old for visible effects) facilitates or inhibits 
reciprocally alimentary and defensive condi- 
tioned reflexes and, under certain conditions, 
improves perceptual discrimination (Fuster 
1957; Grastyan, Lissak and Kékesi 1956; 
Knott, Ingram and Correl 1956). 

Certain discriminatory mechanisms re- 
mained operational in the presence of be- 
havioral and electroencephalographic sleep 
and, in many eases, the slumbering animal was 
capable of a correct choice between stimuli 
that, in the wakeful condition had been rend- 
ered, through training, operant or inoperant. 
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No major impediment existed in the appraisal 
of ‘‘conditioned inhibitory’’, ‘‘delayed’’ or 
‘‘extinguished’’ sounds, which were entirely 
ineffective or produced partial, brief EEG 
‘‘activation’’. Differentiation of separate 
frequencies (well distinguished by the vigilant 
animal) encountered greater difficulties and 
accuracy of discernment depending upon the 
reaction involved: when exclusively the tone 
of 200 ¢/see. was reinforced, EEG ‘‘activa- 
tion’’ and behavioral arousal occurred also 
with ‘‘negative’’ stimuli of up to 250 and 
210 c/sec. respectively (the conditioned head 
turning response appeared only after the 
positive stimulus). Discrimination between 
initiation (iT) and cessation (CT) of a tone 
also was imperfect and even after prolongued 
training the never reinforced iT continued 
to produce a brief EEG ‘‘activation’’ in the 
preparation in which reinforcement came 
after CT; arousal produced by CT was com- 
plete.' Little can be said of the precise time 
relationship between relatively concomitant 
effects; therefore, the possibility exists that 
when the stimulus was presented to the 
slumbering animal, the poorly discriminative 
(and hence more widely provoked) EEG 
‘‘arousal’’ oceurred first and, only then and 
on the basis of this new encephalie condition, 
the finer differentiations leading or not to 
behavioral arousal and head turning were 
rendered possible. 

Electroencephalographie changes appear- 
ed earlier and subsisted longer than behavioral 
shifts, confirming that EEG inspection econ- 
stitutes an invaluable tool in this type of study 
(Buser and Roger 1957; Fessard and Gas- 
taut 1954; Gastaut et al. 1957). On the other 
hand, a substantially variable performance 
could take place upon a uniform background 


1 Brief (‘‘phasie’’?) EEG ‘‘aectivation’’ oceurs 
either when the stimulus is on the verge of losing its 
arousing capabilities (final stages of habituation, ex- 
tinction, conditioned inhibition, ete.) or when, though 
negative, it resembles closely the positive excitation 
(e.g. tones with small frequeney difference, iT and 
CT) (Sharpless and Jasper 1956) (see Results). In 
the case of habituation the diencephalic component of 
the activating system has been considered responsible 
for this type of response (Sharpless and Jasper 


1956): though likely, the hypothesis that a similar 
substratum participates in the other examples is as 
yet unsupported by direct evidence. 
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of EEG ‘‘arousal’’. Henee, recording and 
observation must necessarily complement each 
other. When the absolute stimulus is a pain- 
ful shock, cortical ‘‘activation’’ produced by 
the conditioned signal may become limited to 
the sensori-motor area. ‘‘Concentration’’ did 
not occur in the present series even with many 
hundreds of trials: this could be due to the 
use of an unconditioned excitation involving 
direct energization of di- and mesencephalic 
structures that produce diffuse effects (Rossi 
and Zanchetti 1957; Segundo 1956). 


Observable performance is but one out- 
come of brain stem stimulation. Animal ex- 
perimentation suggests that subjective effects 
either may be absent (hypothalamus) or, 
when present, differ from one zone to another 
involving an emotion akin to fear (tectal 
area, lateral thalamus), a pleasurable ex- 
perience (intralaminar nuclei, hypothalamus, 
ete.) (Cohen, Brown and Brown 1958; Del- 
gado 1952; Delgado, Robert and Miller 1954; 
Delgado, Rosvald and Looney 1956; Masser- 
man 1941; Miller 1957; Olds 1956). The pos- 
sibility of conditioning CM and MRF effects, 
the arousing capabilities of the conditioned 
tone and the excited (even ‘‘neurotic’’) be- 
havior of the animal in the experimental 
situation (see Results) support the idea that 
excitation produced an intense affective state, 
clearly perceived and remembered. Comments 
on the experiential aspects of central stim- 
ulation and based upon animal experiments 
must of course remain tentative until tests 
are performed in un-anesthetized humans. 


Repeated application of electrical stimuli 
to CM or MRF seemed to induce a long-lasting 
(5-24 hours) decrease in responsiveness. If 
structures critical for arousal and alerting do 
indeed exhibit prolonged recovery cycles, 
such refractoriness may be involved in caus- 
ing the comparably prolongued attenuation of 
arousal or alerting that follows repeated ap- 
plication of natural stimuli (Pavlov 1941; 
Sharpless and Jasper 1956). 


SUMMARY 


In eats with chronically implanted elec- 
trodes, an indifferent tone was reinforeed by 
electrical stimulation of centre median (CM) 


formation 


reticular 
As a result, the tone per se became 
capable of producing a behavioral response 
identical to that of the direct excitation (A 
head turning, B cowering, C rolling). The 
process exhibited characteristics of classical 


or of mesencephalic 
(MRF). 


conditioning. External and internal (dis- 
criminatory, conditioned, delay, extinction) 
inhibitions could be established. 


The conditioned response was associated 
with generalized EEG ‘‘activation’’ and with 
evoked potentials in sensory motor cortex, CM 
and MRF. 


During behavioral and EEG sleep, animals 
retained (with limitations) a ‘‘discrimina- 
tive’’ capacity that enabled them to be 
awakened specifically by certain stimuli 
(novel, ‘‘positive’’) and not by others (in- 
different, ‘‘negative’’). 


Reinforcement came after cessation of a 
continuous tone in one cat: eventually it came 
to respond (both when awake or sleep) to 
sound substraction but not to sound initiation. 


Destruction of the stimulated locus did 
not modify learned performance; after a large 
lesion in CM, one eat exhibited a marked de- 
pression of its learned and learning abilities. 


Results are discussed in relation to litera- 
ture illustrating the presence of learned mech- 
anisms in the production of basic behavioral 
responses as arousal, alerting, ete. 


RESUME 


Un ton indifférent fut renforeé, chez des 
chats ayant des electrodes implantés chroni- 
ques, au moyen d’une stimulation électrique 
du centre médian (CM) ou de la formation 
réticulaire mésencephalique (MRE). Comme 
résultat le ton « per se » est devenu capable 
de produire une réponse de comportement 
identique a celle de 1l’excitation directe (A 
déplacement de la téte, B accroupissement, 
C roulement). Le processus a démontré les 
caractéristiques du conditionnement classique. 
On a pu établir les inhibitions externes et in- 
ternes (diseriminatoires, conditionnées,  re- 
tard, extinction). 


La réponse conditionnée fut associée a une 
« activation » EEG généralisée, et a des po- 
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CM et du MRF. 


Au cours du sommeil conduite associé a 
sommeil KEG, une eapacité « discriminative » 
fut retenue (avec limitations) par les animaux 
de sorte qu’ils ont pu étre éveillés spécifique- 
ment par certains stimuli (nouveaux, « posi- 
tifs »), et non pas par d’autres (indifférents, 
«négatifs »). 

Le renforecissement fut réalisé chez un 
chat aprés cessation d’un ton continu: il a 
répondu, éventuellement (a 1’état d’éveil, et a 
l’état de sommeil) a la soustraction sonore 
mais non pas a l|’initiation sonore. 


La destruction du foyer stimulé n’a pas 
modifié 1’accomplissement des actes appris; a 
la suite d’une lésion large du CM une dé- 
pression marquée fut démontrée par un chat 
au sujet de ses capacités d’apprendre et de 
ses capacités déja appris. 

On disecute les résultats en rapport avec 
la littérature, en illustrant la présence des 
mécanismes appris dans la production de ré- 
ponses de comportement de base, telles que 
éveil, la vigilance, ete. 


ZUSAMMENFASSUNG 


Bei Katzen mit implantierten Dauerelek- 
troden wurde ein indifferenter Tonstimulus 
durch elektrische Reizung des Centrum me- 
dianum oder der Retikularformation des 
Mittelhirns verstarkt. Dies hatte zu Folge, 
dass der Ton ‘‘per se’’ die Fahigkeit erhielt, 
eine Antwort im Verhalten des Tieres her- 
vorzurufen, welche identisch war mit der- 
jenigen, welche durch direkte Reizung erzeugt 
werden konnte (A. Kopfdrehung, B. Ducken, 
C. Rollen). Der Prozess zeigte die tiblichen 
Merkmale eines klassischen bedingten Re- 
flexes. Aussere und innere Hemmungen 
konnten erzeugt werden (diskriminatorische 
Hemmung, bedingte Hemmung, Verzoger- 
wngshemmung, Ausloschung). 

Die bedingte Reflexantwort trat zusammen 
mit einer allgemeinen ‘‘KEG-Aktivierung”’ 
und mit Reizantwortpotentialen in der senso- 
rischen und motorischen Rinde, im Centrum 
medianum und in der Retikulirformation des 
Mittelhirns in Erscheinung. 
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Wahrend des Sehlaf, gekennzeichnet durch 
charakteristische EEG-Veriainderungen, behiel- 
ten die Tiere eine gewisse, beschrankte Fahig- 
keit der ‘*‘ Diskrimination’’, welche ihnen er- 
moglichte, auf gewisse spezifische Reize hin 
aufzuwachen (neue, unbekannte Reize, ‘‘ posi- 
tive’’ Reize), wahrend andere Reize keinen 
solchen Weckeffekt erzeugten (indifferente 
Reize, ‘‘negative’’ Reize). 

Bei einer Katze erfolgte die Verstirkung 
immer nach dem Abklang eines kontinuierli- 
chen Tones. Schlesslich begann das Tier auf 
Ton-Beendigung zu antworten und nicht auf 
Ton-Anfang. Dies erfolgte sowohl im Wach- 
als auch im Sehlaf zustand. 

Zerstorung des Reizortes ergab keine verin- 
derung des erlernten Verhaltens. Nach Plazie- 
rung einer grossen Lasion im Centrum me- 
dianum zeigte eine Katze betrachtliche Ver- 
minderung sowohl ihrer erlernten Fahigkeiten 
als aveh ihrer Lernfahigkeit. 

Die Befunde werden besprochen in Bezug 
auf die bestehende Litteratur betreffs der 
Rolle, welche erlernte Mechanismen in der 
Ausbildune fundamentaler Verhaltungswei- 
sen wie z.B. Erwachen, Aufmerksamkeitser- 
hohung u.s.w. spielen. 
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Henry Giuck, Ph.D. and VERNON ROWLAND, M.D.? 


Division of Psychiatry, School of Medicine and 
Department of Psychology, Western Reserve University, Cleveland, Ohio 


(Received for publication: December 8, 1958) 


INTRODUCTION 


Electrophysiological recording during con- 
ditioning has been reviewed recently by Gas- 
taut (1958), Morrell and Jasper (1956), and 
Rusinov and Rabinovich (1958). In general, 
investigations have dealt with the distribu- 
tions of evoked potentials (Jouvet and 
Hernandez-Pe6én 1957), changes in induced 
rhythms (John 1959; Yoshii and Hockaday 
1958), and in distributions of the more en- 
dogenous frequencies (Morrell and Jasper 
1956). The earlier studies (Jasper and 
Shagass 1941) demonstrated that electrical 
activation could be conditioned according to 
the general laws described by Pavlov (1927). 
More recently attention has been directed to 
questions regarding the formation of the 
“temporary’’ connections in the _ brain. 
Problems regarding the locus and electrical 
signs (Morrell and Jasper 1956; Gastaut 1958) 
of these connections have been of major in- 
terest. The spatio-temporal pattern of the 
connection formation process has also received 
attention in the studies by John (1959) and 
Yoshii and Hockaday (1958). 

In a recent study Rowland (1957) made 
the incidental observation that the _ dif- 
ferentiated stimulus seemed to enhance syn- 
chronous activity in the electrographic records 
of sleep-deprived animals observed under con- 
ditioning programs. Gastaut (1958) and 
Alexander (1958) have emphasized slow activ- 
ity in association with inhibition. The present 
work relates Pavlovian inhibition and excita- 
tion with patterns of electrographic response 
(arousal) developed in defensive conditioning 
of sleeping animals. The hypothesis which 


1 Supported in part by the Cleveland Foundation. 
2 Work done as part of a career-investigator grant 
of the National Institute of Mental Health. 
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stimulated these experiments was that the in- 
hibition of delay and the inhibitory effect of 
a differentiated conditioned stimulus would 
be demonstrated by synchrony patterns in the 
electrographic response. 


METHOD 


Each of 3 cats was prepared with 8 per- 
manently implanted electrodes located in the 
following way. Extradural: bilaterally on the 
anterior lateral gyri; bilaterally, on the ecto- 
sylvian gyri. Stereotaxie subcortical place- 
ments: medial geniculate nucleus, 
cephalic tegmentum, centralis medialis, and 
hippocampus. Extradural leads were short 
silver coils 1-2 mm. in diameter, and deep leads 
were lucite-insulated white steel insect pins 
with 0.1 to 0.2 mm. exposed tips. All records 
were monopolar and referred to a small skull 
serew located in the anterior portion of the 
frontal sinus. In a pilot study, recording be- 
tween two screws in this location, 8 mm. 
apart, revealed minimal activity, the largest 
potentials not exceeding 20 pV. 


mesen- 


A month following surgery the animals 
were acclimated to (1) permanently worn 
harnesses bearing: electrodes for delivery of 
shocks across the shoulders; (2) daily feeding 
in the experimental cage; (3) sleep depriva- 
tion by limiting sleep at night (Rowland 
1957), and (4) spending 2-8 hours after the 
feeding in the experimental cage, which was 
located in an isolated, dimly-illuminated re- 
cording room. Precautions were taken in the 
programming to eliminate all extraneous cues 
such as equipment noise occurring before or 
during the test periods. 

The conditioned stimulus (CS) was a 
2/see. click, the differentiated stimulus (DS), 


a 200 e/see. tone, and the unconditioned 
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stimulus (US), a 60 e/see. 1-8 mA monitored 
eurrent of 1/2 see. duration, delivered from a 
750-V. transformer through a capacitive im- 
pedance (.03 mfd) to the harness electrodes. 
These made contact with skin through non- 
drying glycerine-saline soaked gauzes. With 
this method, changes in electrode-skin re- 
sistance were small compared to that in the 
shocking circuit and did not appreciably alter 
the current actually passed. Shock intensity 
was governed by selecting that value for each 
eat that produced an unconditioned response 
of moderate jerking of the body and no more. 
This value ranged from 1-6 mA. Auditory 
stimuli were delivered by a_ loudspeaker 
mounted on the experimental cage and were 
held constant in intensity throughout the en- 
tire experiment. The differentiated stimulus 
was subjectively louder than the conditioned 
stimulus to rule out brain wave changes re- 
sulting from mere reduction of intensity of the 
differentiated stimulus. 

The experiment was conducted in four 
parts (cf. table 1) with 5 days of control and 
adaptation before beginning conditioning. 
This control consisted of 2-min. presentations 
of the 2/sec. click stimulus, applied 10 times 
per daily session, trials randomized around a 
mean inter-trial interval of 8 minutes. 


TABLE I 


Summary of Training Programs 


Program I. 
CS and US given with daily increases in CS-US 
interval to a maximum of 120 see. 


Program II. 
A. DS given only. 
B. DS given 5 times per session, CS and US given 
5 times per session. Separate applications in 
random order. 


Program ITT. 
A. DS presented in first 30 sec. of CS. US still 


applied. 
B. DS presented from 60th to 80th sec. of CS. 


US still applied. 


Program IV. 
A. DS presented during terminal 20 see. US 


withheld. 
B. Same as III B, except US withheld. 


Program I. Following the procedure 
recommended by Pavlov (1927) the delayed 
conditioning was developed by slowly increas- 
ing the CS-US interval, day by day, from an 
initial 5 see. to a final 120 sec. by alternating 
daily increments of 5 and 10 sec. Ten trials 
were given daily with random inter-trial 
intervals (mean, 8 min.) as in control period. 
The CS-US interval of 2 min. was reached 
by the 16th day and held constant for 6 days. 

Program II. For 5 days (10 trials per 
day) the animals were given 200 ¢/seec. tones 
of 20 see. duration with no reinforcement fol- 


_ lowing the end of the tone (DS). For a subse- 


quent 9 to 13 day period they’ were exposed 
to the DS 5 times daily, interspersed random- 
ly with the CS, also given 5 times. 

Program III. The DS was now superim- 
posed at various times during the presentation 
of the CS, the latter remaining clearly audible 
to the experimenter. These stimuli were also 
presented individually. There was one test 
trial a day presenting the 20-sec. DS early 
in the CS (within 20 see. after onset — pro- 
gram III A). Later in this program the DS 
was presented in the middle of the CS-US 
interval (60-80 sec. after onset, program 
III B). This procedure, one of the standard 
tests used in classical conditioning for the 
measure of inhibitory effect of stimuli, also 
served as a control for later use of the DS 
in a different context (program IV). Ten 
days were devoted to this form of testing. The 
DS could not be too frequently applied in 
combination with the CS because of the pos- 
sibility of its becoming a secondary condi- 
tioned stimulus. 


Program IV. For 15 days, if the DS was 
presented during the CS, the shock was with- 
held. If the DS was not presented during the 
CS, the trial was reinforced as usual by shock. 
Under these conditions there were one to three 
reinforced trials during any one day. The 
first 10 days of this program had the DS 
applied during the terminal 20 see. of the 
CS. The last 5 days had the combination oc- 
curring from the 60th to 80th sec. of the CS. 
A few tests were made subsequently of the 
combination occurring during the first 60 sec. 


of the CS. 
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The amplifiers of the EEG machine were 
blocked by the shock stimulus for 5 to 10 see. 
after the end of the stimulus, but the 60 ¢/sec. 
stimulus artifact was eliminated by being 
grounded by telephone relays. 

Deep placements were checked by _his- 
tology and surface placements by post-mortem 
examination of calvarium and brain. Integ- 
rity of insulation on deep electrodes was 
tested post-mortem by passing a 6-V. direct 
current through the electrode used as a @a- 
thode and observing for gas formation in 
saline. 


RESULTS 


General description of the behavior. None 
of the cats showed any resistance to being 
placed in the experimental cage throughout 
the experiment. This was the only place they 
were fed so that in spite of the occasionally 
painful conditions of the experiment, they 
did not generalize negatively to the environ- 
ment. They ate well and maintained their 
body weights throughout the four months of 
the experimentation. 


Development of the delayed conditioning. 
Preliminary observations of the development 
of the delayed conditioning were made in a 
brief report elsewhere (Rowland 1959) and 
are not repeated here. During the control 
period the animals after habituation to the 
click stimuli, showed no identifiable consis- 
tent pattern of electrographic response. 


The CS evoked only conditioned desyn- 
chronization until the 10th day when the 
CS-US interval had been expanded to 75 see. 
At this time a period of slow waves began to 
appear in the first part of the CS and in- 
creased until by the 22nd day a characteristic 
pattern was well established. The daily mean 
length of slow rhythms during the CS is 
plotted for each cat in figure 1. The reduc- 
tion occurring at the 20th day in eats A-2 
and A-3 was produced by increasing the in- 
tensity of the US. Cats A-2 and A-3 tended 
toward more synchrony during the CS than 
did A-1, this being reflected in the difference 
in shock levels needed for optimal response: 
2-4 mA. for A-2; 3-6 mA. for A-3; and 1-2 mA. 
for A-1. 
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The synchrony during the CS was en- 
haneed by (1) reducing intensity of the US 
(Rowland 1959), (2) by a deep level of sleep 
(i.e. by EEG criteria) at the time a trial was 
given, and (3) by a sufficient repetition of 
trials in a session. 

Almost invariably the appearance of the 
synchronous record followed a particular time 


A-| 


120 oes Bee Bes 


¢ PSNR t 


123456789 10 2 13 1415 6 I7 18 192021 22 
DAYS 
Fig. 1 


Daily mean duration of initial synchrony period for 
each cat for the first 22 days of conditioning. The 
crosses represent the duration of the conditioned stim- 
ulus, and the dots the corresponding mean duration 
of the synchrony response. The vertical lines are an 
estimate of variation of synchrony response for each 
day (2.5 times the expected value of the standard 
deviation of the mean above and below the mean 
duration of synchrony). The sudden drop in dura- 
tion of synchrony on the nineteenth and twentieth 
days for eats A-2 and A-3 is due to an increase in 
intensity of the US. 
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sequence with regard to loci of the electrodes 
(fig. 2). After the initial arousal the lateral 
gyri were the first to show a crescendo return 
of slow frequencies (3-6 ¢/see.) and spindling, 
and the last to activate in the final arousal 
period. Even in those occasional trials where 
low voltage fast activity persisted throughout 
the CS in some leads, the lateral gyri still 
showed slow rhythms and spindling in the 
first half of the CS. Within a few seconds 
after their appearance in the above areas, the 
slow frequencies developed in reticular and 
ectosylvian leads, and conversely, at the 
termination of the wave of synchrony these 


areas activated as much as 10 see. before the ° 


A-2 E-22 15 


been established, the most frequent pattern 
of response to the DS was an initial activation 
followed by a slow return to synchrony. Fre- 
quencies and distributions of slow activity 
were very similar to those observed with the 
CS. This type of response was characterized 
as a ‘‘standard’’ response to the DS. A 
‘‘standard’’ response to the CS was identified 
by an initial arousal period, followed by first 
a synchrony period, then a terminal arousal 
period during the stimulus. Figure 3 shows 
the percentage of ‘‘standard’’ responses to 
both the DS and CS for the last four days 
of differential conditioning (program II) for 
each animal. At this time the conditioned 


Initial synchrony period during two-minute conditioned stimulus in the fifth trial on the 22nd 


day of training in cat A-2. 


Records continuous. At point 1, desynehronization is apparent in 


RF and R-ES leads, but in R-Lat lead the high voltages are only somewhat attenuated, the 
slow rhythms persisting until point 2, indicating spatio-temporal distribution of the disap- 
pearance of the initial synchrony. Note the accentuation of evoked potentials in the R-ES 
leads when the arousal period sets in. Legend for this and all following figures: R-Lat and 
L-Lat = right and left lateral gyri; R-ES and L-ES = right and left ectosylvian gyri; 
Hipp = hippocampus; RF = reticular formation; MG — medial geniculate nucleus; CA = 


caudate nucleus. 


other areas. Following the US, the synehro- 
nization developed again in a pattern similar 
to the one described above, often within a few 
seconds. 

The hippocampus showed 6/see. theta 
activity (Green and Arduini 1956) replacing 
slow, high voltage activity (undifferentiable 
from synchronized activity in other leads) 
when the two electrographic arousal periods 
to the CS developed. With full arousal, the 
hippocampus on some occasions also showed 
low voltage fast activity. 

Differentiation of the tone. After habitua- 
tion and once some stability of response had 


response to the CS was increased in stability 
in comparison to the earlier conditioning. Cat 
A-1 showed the best differentiation, which 
was unexpected since it tended to show the 
least amount of slow activity during the CS. 
A-1 established the differentiation sooner, 
since by the ninth day it was showing 100 per 
cent ‘‘standard’’ responses, whereas A-3 did 
not reach this level until the twelfth day and 
A-2 never showed more than 80 per cent 
‘*standard’’ response. 

Application of the DS during the CS. 
A total of 7 applications of the differentiated 
stimulus for all cats was made in the initial 
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synchrony period of the response to the CS. final arousal period (approximately 60 see. 
In every instance there was a slight desyn- after the onset of the CS). In 6 instances (all 
chronization which was followed by further occurring in cat A-3) there was a suggestion 
synchronization without disruption of the of an ‘‘induced’’ synchrony during this com- 
second arousal period (fig. 4). All eats had a_ bined application of CS and DS, but its ap- 


total of 21 applications of the DS during the pearance was not reliably reproduced. 
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Fig. 3 
Per cent of total trials in which there were ‘‘standard’’ (see text) responses to the DS 
and CS. Data from the 40 final trials for each cat during the differentiation of the tone 
(program II). The stippled areas represent those trials in which the record was desyn- 
chronized before the onset of the auditory stimulus with ‘‘standard’’ response occurring 
nevertheless. : 
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Fig. 4 
40-see. sample of the standard 2-min. trial taken from the first minute of CS. The sustained 
depression of the signal line indicates the superposition of the DS during which the click 
stimulus continues. These trials (program III A) were reinforced. Background shows a 
strong synchrony response which is partially desynchronized by the DS, especially in right 
ectosylvian record. Synchrony resumes after DS and illustrates the resistance to sustained 
disturbance by the DS. Remainder of response (not shown) underwent characteristic transi- 
tion to desynchronized activity in second minute. Records continuous. 
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Thus, the duration of the synchrony re- 
sponse to the CS was not altered by the DS, 
and also the DS did not reliably induce syn- 
ehrony once the record was activated during 
the second arousal to the CS 

The differentiated stimulus applied to in- 
dicate no shock after CS. With the DS applied 
during the last 20 sec. of the CS (program 


persisted beyond the end of the tone for 5 to 
15 see. and then gave way to the sustained 
desynehronization characteristic of the final 
period of the conditioned response. In 5 sub- 
sequent days, consisting of an average of 30 
further tone-presentation trials for each eat, 
the response was present respectively in 66 
per cent, 80 per cent, and 100 per cent of the 


trials. Presentation of the CS alone (which 
served as a control for the above paradigms) 


IV A), a new appearance of synchrony devel- 
oped within 5 to 10 trials in each eat, begin- 


A-3 Pae-8 TIO idan ye 4 mn 4 4 oer 4 4 4 Rassesill 
zi jas 4 4 Deoinandl + icici 4 4 4 1 4 4 os 4 4 4 aE 


R-ES | 
CA satan ancematwanannahtinntyr sane ymnhyNNAIMY ahh ini mao PA YA 
MG LAN an ett a eatin aden ny MOA LA, AANA MY 


RF 


HPP Wythe art ay A YA 
L-ES adie nveuht lw 


a. 


_ TSEC. 


Ann 
RAHI NANT AN 


Fig. 5 


The DS, now signalling no shock (program IV A), applied during the terminal 20 sec. of 
the delayed CS, is indicated by the sustained elevation in signal line. The clicking of the CS 
continues throughout and co-terminates with the DS. Note the marked return of synchrony 
within 5 sec. of onset of the DS. Records continuous. 


ning 5 to 15 see. after onset of the tone and 

continuing to its termination (fig. 5). By 

the seventh day, after 40 trials, the 3 animals 
6 


showed 80-100 per cent incidence of this ‘‘in- 
duced’’ synchrony. After moving the tone to 


the first portion of the desynechronized period 
(program IV B, from 60th to 80th see. of the 
CS) we found the synchronous activity was in- 
duced within 1-3 trials after the change in 
all three cats (fig. 6, 7). 


The slow activity 


showed no presence of synchrony during the 
second activation period (fig. 6) in a total of 
43 trials for all 3 cats. During test runs in 
which the DS was presented again in the 
initial synchrony phase the pattern of re- 
sponse was the same as during program III A. 
The tone desynchronized the record briefly; 
synchrony returned, but the second arousal 
still developed as before. The DS-induced 
synchrony response was completely removed 
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Fig. 6 


Two consecutive trials in program IV B. The upper record is ‘‘standard response’’ to re- 
inforeed CS; no DS added. Initial synchrony ends approximately midway in the CS with 
activation supervening until the shock. In the lower record the DS, now a signal of nonrein- 
forcement, is applied early in desynchronized period of response to CS. Slow activity returns 
within 10 see. of the onset of the DS, lasting to 15 see. after its termination. Note slow 
time base. The 2-min. CS on signal line is immediately followed by an unregistered US 
indicated by blank space, during which there is no interruption in time (upper record). 
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Fig. 7 
40-see. sample showing application of DS early in second arousal period of CS (US withheld, 
program IV B). Upward elevation of signal line indicates application of tone (DS) during 
elicks (CS). Reeord has begun to desynchronize before onset of tone. At about 10 see. 
(arrow) synchrony returns to lateral gyri. Note later and less prominent synchrony in 
ectosylvian gyri and RF. Approximately 10 sec. after end of tone the activation response 
to the CS returns. 
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by a single reinforcement of a trial of com- 
bined application of CS and DS and was 
restored with 2 trials of further withholding 
of the reinforcement. This change occurred 


without any alteration in the first period 
synchrony related to the delayed CS. 


Fig. 8 
Loci of extradural placements. Open circles = cat 
A-1, filled circles = eat A-2, circles with dots = eat 


A-3. 


Postmortem localization of electrode posi- 
tions is shown for the extradural cortical 
placements in fig. 8 and for the subccrtical 
placements in table II. The figures giving the 
stereotaxic coordinates of the electrode tip 


TABLE II 
A-1 A-2 A-3 
Hippo- Region of On target Penetrates 
campus fornix joining underlying 
2 hippocampal cortex 
masses 2,7, +4 

4,10, +5 2, 8, +3 
Medial On target On. target On target 
Geniculate 7,8, +1 4, 8, 0 4, 8, 0 
Reticular Just under On target On target 
formation superior 

colliculus 

3, 2, +2 4, 2,0 4,2, 0 
Centralis Lost Lost In fundus 


ecaudati 
14, 3, 0 


medialis 
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localization (as referred from the tissue see. 
tion to the Jasper and Ajmone-Marsan atlas, 
1954) indicate respectively the frontal, la- 
teral, and depth planes. 

Evoked responses failed to appear in 
several placements which were verified his. 
tologically. Centralis medialis placements in 
A-1 and A-2 referred to in the text apply 
only to their stereotaxic placement. 


DISCUSSION 


In general, the electrographic patterns 
elicited by the long delayed conditioned 
stimulus conform to Pavlov’s description of 
the delayed conditioned salivary response, 
that is, an inhibitory first phase followed by 
an excitatory second phase (fig. 9). The 
first phase consists of a brief desynchroniza- 
tion followed by synchrony, and the second 
phase by a return of activation. In delayed 
(10 see.) eonditioning of the human EKG, 
Motokawa and Huzimori (1949) also de- 
scribe two activation periods, one at the onset 
and one at the end of the CS. This pattern 
appears in the present study even though we 
worked with moderate pain as the uncon- 
ditioned stimulus. 

The gradual development of a period of 
synchrony during the increasingly extended 
conditioned stimulus was due to an elabora- 
tion of response related either to simple 
repetition of the training trials or to increas- 
ing delay, or both. The experiment is not con- 
clusive on this point. When the CS is less 
than 1 min. in duration the excitation may be 
sufficiently great that it blocks any process 
of synchrony. When the CS was extended 
up to 2 min., a gradient of activation became 
apparent, increasing toward the end of the 
CS. It was sufficiently attenuated during the 
first minute to allow a progressive increase 
in synchronous activity. Evidence for a gra- 
dient of activation resides in the following: 
(1) the dependence of the time of transition 
(from synchrony to activation) on the in- 
tensity of the US (fig. 1) ; (2) the remarkably 
smooth progressive diminution in voltage and 
increase in frequency over many seconds seen 
in many trials; and (3) the progressive in- 
volvement of more areas of the brain in 
desynechronized activity (fig. 2). 
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Beck, Doty, and Kooi (1958) noted only 
occasional slow activity during extinction and 
unduly prolonged training sessions. This low 
incidence may be due in part to the brevity of 
their CS (2 see.). Under the circumstances of 
the present experiment, a 5 to 10 sec. latency 
was frequently found in the appearance of the 
higher voltage slow activity related to the 
inhibition of delay (120 sec.) and of the dif- 
ferentiated stimulus (20 sec.). They also 


noted, in 3 animals, the absence of behavioral 
activity was 


response when cortical slow 
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second, more sustained one is considered re- 
lated to preparation and defense against the 
US. 

In the development of the differentiation 
we were unable to eliminate brief desynchro- 
nization at the onset of the differentiated 
stimulus. This pattern was at variance with 
the previous work (Rowland 1957) in which 
no arousal appeared with onset of the dif- 
ferentiated tone. However, the present study 
was carried out during continual reinforee- 
ment of the conditioned response while the 
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Fig. 9 
A schematic summary of the characteristic response patterns to three of 


the paradigms. 
with respect to the time base. 


The amplitudes and frequencies are grossly exaggerated 
The first line illustrates effect of delay 


(program I), the second, of differential stimulus signalling no shock 
(program IV A), and the third, of moving the differential stimulus (pro- 
gram IV B). The summary pertains particularly to the records from asso- 


ciation cortex. 


evoked by the CS. They found their animals 
could respond under conditions of cortical 
slow activity but these instances were rare 
and some took place in animals given chlorpro- 
mazine and Nembutal in addition to bulbo- 
capnine. 

The appearance of two activation 
sponses suggests that the first and briefer one 
is related to processes of identification of the 
signal (orientation) and development of an 
inhibition process identifiable by the syn- 
chrony during the first half of the CS. The 


re- 


animals in the earlier work were tested en- 
tirely during extinction. This difference sug- 
vests a continuing generalization of the initial 
activation response to the CS in the present 
experiment. This phenomenon persisted when 
the DS was superimposed on the first phase 
synchrony response to the CS, but did not 
otherwise alter it. 

Synchrony developing with delay and dif- 
ferentiation is consistent with a concept of 
an active process tending to maintain sleep 
which is manifested in direct proportion to 


494 


(1) the degree of sleep privation, (2) the re- 
moteness in time from the stress (prolongation 
of the CS-US interval) and (3) the mildness 
of the stress. 


The rapid acquisition of the synchrony 
response to the DS in the later programs of 
the experiment points to the new endowment 
of the stimulus as a signal of non-reinforece- 
ment, carrying with it the capacity to induce 
synchrony even in the face of a competitive 
desynechronization. The return of desynchro- 
nization with the continued conditioned 
stimulus following the termination of the tone 
is construed as a return of the excitatory re- 
sponse when the inhibitory and _ synchro- 
nogenic influence of the tone was no longer 
in effect. Reversing the significance of the 
DS by a single reinforcement of a trial in 
which the DS ordinarily signalled non-rein- 
forcement, was accompanied by a prompt loss 
of the synchronogenic influence of the tone. 
The specificity of this effect is indicated by 
the absence of any change in first phase syn- 
echrony related to the CS. The prompt re- 
covery of the DS-induced synchrony, accom- 
plished by again withholding reinforcement, 
confirms the dependence of the DS influence 
on the nature of its relation to reinforcement. 


We wish to emphasize the competitive 
interaction between desynchronized and syn- 
chronized responses. Not only is it seen in the 
temporal patterns discussed above, but also in 
spatial patterns as represented by different 
recording points. The patterns of electro- 
graphic desynchronization seen in reticular 
and auditory cortical leads, along with hippo- 
campal theta, contrasts markedly with the 
strong tendency of association cortex to lead 
in the development of synchronous response 
and be last in desynchronization. 

These observations touch on the problems 
of active versus passive processes in develop- 
ment of sleep. Kleitman (1939) and Bremer 
(1954) have emphasized the importance of the 
arousing systems and criticized the Pavlovian 
description of irradiating inhibition and 
Hess’ (1954) electrically stimulated sleep. 


Their emphasis is on the fatigue of an arousal 
system rather than its active inhibition by 
other systems. 


Our data suggest that an 
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active competition with excitatory processes 
ean be demonstrated provided excitation is not 
too great (i.e. long CS and low intensity US) 
and the need for sleep is great. A synchro. 
nogenic influence may also be demonstrated 
by a stimulus (e.g. DS) if it is associated 
with reduced excitation (i.e. signals absence 
of shock). The method we used removes the 
objections to the use of lesions, drugs, or 
intracranial stimulation as an unphysiological 
approach, reveals a stimulus-bound limitation 
of the active inhibitory influence, and clarifies 
the competitive circumstances for elicitation 
of this effect. In short, our position is: hyp- 
nogenic inhibitory influences; can readily be 
demonstrated but only in the context of re- 
duced competitive influence of arousing mech- 
anisms. 


SUMMARY 


1. In three eats, a delayed (2 min.) au. 
ditory conditioned stimulus associated with 
moderate shock to the skin, produced in the 
electrographic sleep record a characteristic 
pattern of: (a) an initial brief activation fol- 
lowed by (b) a more prolonged period of 
synchrony, changing usually midway through 
the CS to (c) a return of activation enduring 
to the delivery of the unconditioned stimulus. 
Recording points leading in the development 
of activation and showing the greatest re- 
sistance to synchrony were auditory cortex, 
reticular formation, and hippocampus. Points 
showing the reciprocal predominance of syn- 
chrony and resistance to activation were in 
association cortex. 

2. The degree and duration of synchrony 
present during the first half of the CS varied 
inversely with the intensity of the US and 
directly with the progression of trials in a 
given daily session. Synchrony was_ not 
definitely present until the conditioned stim- 
ulus had been extended longer than _ one 
minute. 

3. <A differentiated stimulus of 20 see. 
duration, applied after full differentiation 
in combination with the CS during the early 
synchrony response, briefly desynchronized 
that response, without disturbing the total 
duration of synchrony or the overall condi- 
tioned electrographic response pattern. 
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| 4. When combined with the CS and asso- 
ciated to a withholding of reinforcement, the 
differentiated stimulus evoked marked syn- 
chrony during the standardized activation re- 
sponse to the second half of the delayed con- 
ditioned stimulus. 


5. Interpretations of these findings in 
relation to Pavlovian inhibition, hypnogenic 


inhibition theory of sleep, and competitive 
interactions in the brain are discussed. 


RESUME 


1. Chez trois chats, un stimulus condi- 
tionné auditif retardé (2 min.) associé 4 un 
choe modéré a la peau a produit au cours de 
lenregistrement électrographique de sommeil 
un tracé caractéristique de: (@) une activa- 
tion initiale courte, suivie de (b) une période 
synchrone plus prolongée, qui se modifiait 
d’habitude 4 mi-chemin du SC a (c) un re- 
tour de l’activation persistant jusqu’a l’arri- 
vée du stimulus non econditionné. Les points 
d’enregistrement les plus importants dans le 
developpement de l’activation et montrant la 
plus grande résistance au  synchronisme 
étaient le cortex auditif, la formation réti- 
culaire, et l’>hippocampe. Les points qui dé- 
montraient la prédominance réciproque du 
synchronisme et de la résistance a 1’activation 
étaient dans le cortex associatif. 


2. Le degré et la durée du synchronisme 
présents au cours de la premiére moitié du SC 
variaient inversement a l’intensité de la SNC, 
et directement avee la progression des essais 
au cours d’une séance journaliére donnée. 
Le synehronisme n’était pas présent de facon 
définitive tant que la durée du stimulus con- 
ditionné ne dépassait pas une minute. 


3. Un stimulus différentié d’une durée de 
20 sec., appliquée aprés une différentiation 
compléte associée au SC au cours de la ré- 
ponse synchrone précoce, désynchronisait 
briévement cette réponse, sans déranger la 
durée totale du synchronisme ou le tableau 
général de la réponse électrographique condi- 
tionnée. 

4.Le stimulus différentié, lorsqu’il était 
associé au SC et a une rétention de renforcis- 
sement, évoquait du synchronisme marqué au 
cours de la réponse d’activation standardisée 
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a la deuxiéme moitié du stimulus conditionné 
retardé. 

5. On discute les interprétations de ces 
découvertes par rapport a l’inhibition Pav- 
lovienne, a la théorie d’inhibition hypnogéne, 
et les interactions concurrentes du cerveau. 


ZUSAMMENFASSUNG 


1. Bei drei Katzen produzierte ein verzo- 
gerter (2 Min.) akustischer bedingter Reiz 
assoziiert mit einem miassigen elektrischen 
Schock, welcher kutan appliziert wurde, 
die folgende charakteristische Sequenz von 
Veranderungen im _  Schlafelektroenzephalo- 
gramm: (@) eine initiale kurze Aktivierung 
gefolet von (b) einer etwas langeren Periode 
synchroner Aktivitaét, welche im allgemeinen 
in der Mitte des bedingten Reizes sich veriin- 
derte in (c) eine wiederkehrende Aktivierung, 
welche bis zur Applikation des unbedingten 
Reizes andauerte. Das Auftreten der Akti- 
vierung war am ausgepragtesten in der Hor- 
rinde, in der Formatio reticularis und im 
Hippocampus, und dieselben Regionen zeigten 
auch die grodsste Resistenz gegeniiber dem 
Auftreten synchroner Aktivitat. Im Gegensatz 
zu dem, zeigte die assoziative Rinde das umge- 
kehrte Verhalten mit pradominierend syn- 
chroner Aktivitat und Resistenz gegentiber 
Aktivierung. 

2. Der Grad und die 
nisierung wahrend der 
bedingten Reizes waren umgekehrt propor- 
tional zur Intensitat des unbedingten Reizes 
und direkt proportional zur Zahl der wieder- 
holten Reizungen, welche in einer taglichen 
Session appliziert wurden. Synchronisierung 
war nur dann in klarer Weise vorhanden, 
wenn der bedingte Reiz tiber mehr als eine 
Minute ausgedehnt wurde. 


3. Ein differenzierter Reiz von 20 Se- 
kunden Dauer, welcher nach vollausgebilde- 
teter Differenzierung in Kombination mit dem 
bedingten Reiz waihrend der frtihen synchro- 
nen Phase der Reizantwort prasentiert wurde, 
fiihrte zu einer kurzen Desynchronisation der 
Reizantwort ohne jedoch die Gesamtdauer der 
Synchronisation oder den Gesamtaspekt der 
bedingten elektrographischen Antwort zu 
storen. 


Dauer der Synchro- 
ersten Halfte des 
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4. Wenn der differenzierte Reiz mit dem 
bedingten Reiz assoziiert wurde und die 
Verstarkung ausblieb, erfolgte wahrend der 
standardisierten Aktivisierungsreizantwort 
auf die zweite Halfte des verzogerten beding- 
ten Reizes eine auffallige Synchronisierung 
der Aktivitat. 

5. Diese Ergebnisse und ihre Interpreta- 
tion werden besprochen in Beziehung mit dem 
Problem der Pawlowschen Hemmung, der 
hypnogenen Hemmungstheorie des Schlafes 
und dem Wettstreit der Erregungen im 
Gehirn. 


The authors acknowledge with pleasure the as-- 


sistance of Miss Kate Gruen in histology and prepara- 
tion of figures. 
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THE BLOCKING OF THE ROLANDIC WICKET RHYTHM AND 


SOME CENTRAL CHANGES RELATED TO MOVEMENT ® 2 


GIAN EMILIO CHATRIAN, M.D., MAGNus C. PETERSEN, M.D. 
and JorRGE A. LAZARTE, M.D. 


Rochester State Hospital, Rochester, Minn. 


(Received for publication: August 4, 1958) 


Under the name of ‘‘rythme en arceau’”’ 
Gastaut and co-workers (1952) and Gastaut 
(1952) have described in scalp, as well as in 
cortical, electrograms a rhythm composed of 
arch-shaped waves appearing in fairly regular 
spindles on the rolandic regions at the rate of 
7 to 11 (usually 9) per second. This rhythm 
may occur unilaterally or bilaterally. In the 
latter case the spindles usually appear asyn- 
chronously on the two hemispheres. Accord- 
ing to Gastaut and co-workers (1952) the ‘‘en 
arceau’’ rhythm is little modified by opening 
of the eyes or by mental calculation, but it is 
blocked by exteroceptive stimuli and partiec- 
warly by movements either ‘‘spontaneous’’ 
(voluntary or automatic) or ‘‘provoked’’ 
(passive or reflex). This rhythm probably 
could be identified with the ‘‘ precentral alpha 
rhythm’’ described in an early study by 
Jasper and Andrews (1938), with the pre- 
central ‘‘alphoid activity’’ of Maddocks and 
associates (1951), and with the ‘‘high voltage 
rolandic alpha rhythm’”’ of Schiitz and Miil- 
ler (1951). Other observations on this rhythm 
and on its reactivity have been published by 
Magnus (1954), Gastaut and _ co-workers 
(1954, 1957), Lelord (1957), Roger and asso- 
cates (1957a, 1957b), Buser and Roger 
(1957), Klass and Bickford (1957) and Beek 
(1958). In the present study this arch-shaped 
rolandic rhythm is referred to as ‘‘ wicket 
rhythm’’ (Gastaut and co-workers 1954). 


——— 


1This study was supported in part by a research 
ba from the Minnesota Department of Public Wel- 
are, 

2An abstract of this paper has been read at the 
meeting of the American Electroencephalographic 
on Atlantic City, New Jersey, June 12 to 14, 
58, 
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MATERIALS AND METHODS 


Analysis of the most recent 500 routine 
scalp recordings done in our laboratory has 
revealed the presence of a rolandic wicket 
rhythm in 18 persons. Two of them were clas- 
sified as having chronic undifferentiated 
schizophrenic reaction; one as having para- 
noid schizophrenic reaction; two as having 
involutional psychotic reaction; three as hav- 
ing sociopathic personality disturbance; two 
as having chronic convulsive disorder; one as 
having acute post-traumatic brain syndrome ; 
one as having psychotic depressive reaction. 
Finally, six were apparently normal relatives 
of patients suffering from Huntington’s 
chorea, and thus members of a group who have 
undergone electroencephalographic study pe- 
riodically in our laboratory as part of an in- 
vestigation of this disease. The age of the 
above patients and subjects ranged between 
14 and 72. 

Used for electroencephalographic record- 
ings were 19 scalp electrodes placed according 
to the 10/20 system again recommended re- 
cently by the International Federation of 
Societies for Electroencephalography (Jasper 
1958), two reference electrodes (a neck collar 
and a chin electrode), and occasionally addi- 
tional scalp electrodes. The tracings were ob- 
tained by means of a Grass 16-channel electro- 
encephalographie assembly comprised of two 
8-channel electroencephalographs connected to 
a common 16-channel ink-writing unit. The 
muscular discharge associated with movement 
was documented by surface electromyographic 
recordings. A four-beam Electronic Tube Cor- 
poration cathode-ray oscillograph was utilized 
for combined recordings of the electroenceph- 
alogram, the electromyogram, and the sounds 
of the investigator’s voice. 
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Passive movements were those accomplished 
by the investigator’s action with no ap- 
parent participation of the patient, who in- 
deed was asked to relax as much as possible. 
Usually the passive movement was flexion of 
one hand or one arm. For reflex movements 
the knee jerk was provoked by a short tapping 
of the patellar tendon and flexion of the arm 
by percussion on the bicipital tendon. 

In studying the effects on the wicket 
rhythm of voluntary movements, separate in- 
vestigation was made of the movements per- 
formed spontaneously and of those performed 
on command. Spontaneous movements usually 
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from the simple opening of the eyes to the 
visual analysis of a complex pattern — for 
instance, one of the test pictures used in a 
previous study of the lambda waves in the 
depth of the occipital lobe (Chatrian ef al., to 
be published). This study includes observa- 
tions done during drowsiness that occurred 
spontaneously in some tests. 


RESULTS 


In our series the wicket rhythm (fig. 1) 
was found to present considerable variation in 
degree of persistence, regularity, shape, volt- 
age, and to some extent frequency. This was 
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Fig. 1 
Typical wicket rhythm recorded from the central areas of the scalp in a female patient 42 


years old (involutional psychotic reaction). 


were obtained by instructing the patient be- 
fore the recording to flex, on his own initiative 
during the test, the right thumb or hand, the 
left, or both. Movements on command were 
obtained usually by orders given the patient 
while he was awake and resting with the eyes 


closed — for example, ‘‘flex your right 
hand’’. In some tests the duration of the 


order was longer or shorter; and it was re- 
duced in a few instances to a mere signal — 
for example, a flash of light. 

Various degrees of the patient’s attention 
have been obtained by means of tests graded 


noted not only from one patient to another 
but also in the same patient from day to day, 
without demonstrable reasons. The ‘‘ wicket” 
shape of the component waves was often more 
obvious when recorded at a paper speed of 
1.5 em. per sec. (as by the French authors) 
than when recorded at our usual speed of 3 
em. per sec. The voltage of the waves usually 
was between 20 and 80 uV. and the frequency 
between 7.5 and 11 ¢/sec. The wicket patter 
was found to predominate constantly on the 
central electrodes in both bipolar and mono 
polar recordings. Ordinarily it was associated 
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with bursts of beta waves (15 to 25 per sec.) 
of lower voltage. These potentials were often, 
but not constantly, twice as rapid as the 
wicket waves. The wicket rhythm may be re- 
corded also from the depths of the rolandic 
area (fig. 2, upper tracings) by means of im- 
planted multielectrode leads (Dodge and asso- 
cates 1953). 

A blocking of the rolandic wicket rhythm 
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proximately the same time on both rolandic 
areas or 200 to 300 msec. earlier on the con- 
tralateral side than on the homolateral. The 
effect on the contralateral side ordinarily is 
the stronger. In the patient from whom the 
recordings which illustrate this article (ex- 
eept fig. 2) were taken, simultaneous oscillo- 
gvraphie recordings of the electromyographic 
discharges and of the wicket rhythm of the 


side contralateral to the movement demon- 
strated a delay of 150 to 220 msec., averaging 


was noted in relation with movement (fig. 3 
through 8). This phenomenon consists in the 
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1 SEC. 
Fig. 2 
Wicket rhythm recorded from the depths of the rolandic area in a female patient 35 years 
old (temporal lobe epilepsy). (Recording obtained in our laboratory by Dr. C. W. Sem- 
Jacobsen. ) 


175, between the beginning of the passive 
flexion of one hand and the wicket-rhythm 
blocking. The blocking provoked by passive 
movement shows convergence in the same 
point, no matter which of various parts of the 
body is moved. 

After the passive movement ceases the 
wicket rhythm reappears, often on the contra- 
lateral hemisphere before the homolateral, as 
already stated with regard to voluntary move- 
ments. 

If the movement is repeated many times, 


disappearance of the wicket rhythm, which is 
replaced by potentials of 15 to 35 ¢/sec., of 
voltage not usually exceeding 10 »wV. After 
return of the moving part of the body to the 
resting position, the wicket rhythm reappears 
and sometimes even shows some degree of re- 
bound. 

Passive Movements. Usually the passive 
movements (for example, flexion of one hand) 
are associated with blocking of the wicket 
thythm (fig. 3). This phenomenon is noted 
on both hemispheres. It may occur at ap- 
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its effect usually decreases gradually after a rhythm (fig. 4). By means of oscillographic 
variable number of repetitions. If at this recordings the delay between the first abrupt 
time another part of the body is moved, or if electromyographic deflection indicating tap- 
the movement is stopped and then begun again ping of the patellar tendon and the beginning 
after an interval, a blocking of the wicket of the blocking effect on the contralateral 
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Fig. 3 
Effect on wicket rhythm of both hemispheres of flexion of right hand produced by investigator’s 
action. Electromyographic recordings from anterior surface of right forearm. 


thythm similar to the one obtained before is rolandic area was measured as 140 to 230 
noted. msec., averaging 185 (fig. 5). 

Reflex Movements. Movements of the re- With reflex movements the blocking of 
flex type (for example, the knee jerk obtained wicket rhythm on the contralateral rolandic 
by a short tapping on the patellar tendon) area usually predominates markedly. On the 
are followed quickly by blocking of the wicket homolateral side this type of movement may 
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Fig. 4 
Effect of knee jerk provoked by short tapping on right patellar tendon. Electromyographic 
recording obtained from anterior surface of thigh. 
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provoke a blocking of the wicket rhythm, but 
more often only some degree of decrease in 
voltage of the wicket is noted, and in other 
tests no changes are observed on that side. 
The duration of the blocking on the con- 
tralateral rolandic area usually shows con- 
siderable variation. In 50 observations of re- 
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intensity of the tapping and to the consequent 
magnitude of the reflex movement. 

If the stimulus is repeated many times, the 
rolandic effect of the movement usually de. 
clines rapidly. If at this time the stimulus 
is applied to another part of the body, or 
if it is stopped, then applied again after an 
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Fig. 5 


Effect of knee jerk provoked by percussion of patellar tendon: 


simultaneous oscillographic 


recordings of (1) wicket rhythm of left rolandic region of scalp, (2) electromyogram from 
anterior surface of right thigh, and (3) the time-marker signal (sine waves at 50 ¢/sec.). 


flex movement the contralateral blocking was 
found to last from 300 msec. to 6.5 sec., aver- 
aging 1.6 see. Ordinarily the reappearance of 
the rolandic rhythm after the movement is 
gradual. The duration and the degree of bi- 
laterality of the blocking effect of reflex move- 
ments appear to be somewhat related to the 
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interval, the original blocking effect reap- 
pears. 

Voluntary Movements. Spontaneous. A 
blocking of the wicket rhythm on both ro- 
landic areas has been observed in relation with 
movements designated as spontaneous (for 
example, the flexion of one or both thumbs). 


call UN Moon A Ut wth evesrmnirdernarviri\ienenienirnasnlaritmniramiaiininrrandaenumsnranrdvnll MWh 
=o [AUC U trom rrrmmvrerrrarinantninnrannnatianlattinarhruniwrinipawnsmany Uniabe|\atyl/ hl 


Lathan sermeceterser be 


B 


RIGHT HAND ©) 


yay endl vpmemnncryetmatstnr sagatannseatanal Nl Ulm adver 
Ara WIN tcrownnitemnarnnanennaraninanll MY IManalUV\U Ann itiedarsanl atalino 


 emlinnmml 


LEFT HAND ©- 


RIGHT HAND @._ 


AN Uimmneml Ae orn -rurnanenesmant ym nmi MM MAA Ioan AAA Al Nn " 
Myra iol Anni \Mmemyeticen separ penny anuaaneailtivddn I) allAnnt yarn tA nied nte ada 
Apert oni + 
_splewenipe freee cet 


Fig. 6 


Effects on wicket rhythm of the rolandic areas of spontaneous movement of the left thumb 
(section A), of the right thumb (section B) and of both thumbs (section C). 
recording from surfaces of thenar eminences, 
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When one thumb is moved (fig. 6A and B) 
the blocking effect usually is noted on the 
contralateral rolandic area earlier than on the 
homolateral. In the majority of the tests of 
simultaneous flexion of both thumbs (fig. 6C) 
the blocking involves the two rolandic areas 
simultaneously. In unilateral and bilateral 
spontaneous movements alike, the wicket block- 
ing usually precedes the onset of the muscular 
contraction. 

With unilateral movements the blocking 
of the wicket rhythm often is more pronounced 
on the side opposite the movement than on 
the same side. When the movement is bilateral, 
the blocking usually is of about the same 
degree on both hemispheres. 

The blocking effect of spontaneous move- 
ment does not show any definite somatotopic 


THE BLOCKING OF THE ROLANDIC WICKET RHYTHM 


903 


formed, in the course of the same recording, 
100 spontaneous movements of flexion of the 
right hand. The results of these tests are 
reported in the table. 

Following Command. A blocking effect 
has been noted in relation to the investigator’s 
command for movement (for example, ‘‘flex 
your right thumb’’) and to the movement fol- 
lowing it (fig. 7). The first time or first few 
times the spoken order is given to the patient, 
the blocking ordinarily has the characteristics 
of a generalized arousal involving the alpha 
as well as the wicket rhythm; but then the ef- 
fect becomes limited to the wicket rhythm of 
the rolandic areas. 

In recordings from the first tests it ap- 
pears that the blocking follows shortly after 
the beginning of the spoken order, and this 
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Fig. 7 
Blocking of wicket rhythm in relation to the command, ‘‘Flex your right thumb’’, and to 


the movement following it. 


organization. For instance, a blocking of 
about the same degree and duration could be 
provoked on the same ‘‘central’’ electrode 
(located approximately in the middle part of 
the rolandie area) by the flexion of one finger 
or that of one hand, the elevation of one 
shoulder, or the movement of one foot. 

After spontaneous movements the wicket 
rhythm reappears on both rolandic areas, but 
if the movement has been unilateral the re- 
appearance often is earlier on the contralat- 
eral area than on the homolateral. 

The patient from whom most of the il- 
lustrations of this article were taken per- 


Electromyographie recording from surface of thenar eminence. 


relationship becomes more distinct in the fol- 
lowing tests. Simultaneous oscillographic re- 
eordings of the rhythm from the rolandic area, 
of the electromyographic discharges, and of 
the sounds of the investigator’s voice (fig. 8A 
and B) demonstrate that the delay between 
the first sounds of the spoken order and the 
beginning of the blocking is fairly constant, 
regardless of the duration of the order. 

In early tests the muscular contraction 
which effects the movement follows soon after 
the end of the command, but when the same 
test has been repeated several times, the con- 
traction often is seen to begin simultaneously 
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with, then gradually before, the end of com- 


mand. 


In 12 tests of the patient from whom the 
recordings that illustrate this article (except 
fig. 2) were taken, the interval from start of 
command to start of blocking ranged from 
230 to 410 msec., averaging 350. The electro- 
myographic discharge appeared at approxi- 


mately the same time as or shortly after the 
blocking (fig. 8A), or at a considerable in- 
terval after it (fig. 8B), depending on the 
duration of the command. In fact, prolonging 
the duration of the spoken order may delay 
considerably the beginning of the muscular 
contraction without affecting the time interval 
between the beginning of the spoken order 
and the onset of the blocking effect. Some de- 
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pause, the blocking phenomenon usually per. 
sists until the movement ceases. 

Between the command instructing the pa- 
tient to relax and the cessation of his muscular 
contraction is a delay of fairly constant length. 
For example, in the patient from whom the 
illustrations of this article (except figure 2) 
were obtained, the electromyographiec dis- 
charge ended 700 to 800 msec. after the end 
of the investigator’s command, ‘‘relax’’, 
Then, after a variable delay, the wicket 
rhythm reappears on both rolandic areas — 
often earlier on the contralateral hemisphere 
than on the homolateral. Some degree of re- 
‘bound may be noted. 

In certain observations the patient was 
asked to think, on presentation of a given 
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Fig. 8 
Oscillographie recordings, simultaneous within each section, of (1) wicket rhythm of the left 
rolandic region of the scalp, (2) electromyographic potentials from the anterior surface of 
the right forearm, (3) sounds of the investigator’s voice, and (4) the time-marker signal 


(sine waves at 50 ¢/sec.). 
provoked by the order, ‘‘Right’’; 


gree of anticipation of the motor response 
with repetition of the order is seen in figure 
8B. 

The blocking of the wicket rhythm before 
the movement begins is noted simultaneously 
on both hemispheres (fig. 7). Usually it is 
approximately symmetrical and does not show 
any definite somatotopic organization. Then 
during the muscular contraction the blocking 
effect usually predominates on the hemisphere 
contralateral to the movement. 

If the muscular contraction is maintained 
for long (more than 1 min.), the wicket 
rhythm may gradually reappear. But if the 
movement is repeated many times without 


Flexion of the right hand represented in section A was 
in section B by the order, ‘‘ Flex right hand’’. 


signal (for example, a flash of light), of 
making a given movement (for example, 
flexion of the right arm), and, on repetition 
of the signal, of returning to the resting posi- 
tion. Under these conditions a blocking of 
the wicket rhythm was observed. It was no- 
ticed, however, that even in the absence of 
any visible movement, the electromyographic 
tracings from the surface of the muscles in- 
volved in the imagined movement showed 
some degree of muscular discharge after the 
onset of the blocking phenomenon. In some 
other tests the patient was told, ‘‘get ready 
to move’’; and this command also was suf- 
ficient to provoke bilateral] blocking. 


effect 
effec 


tentic 
that « 


Effects of Tactile and Other Stimuli. Tac- 
tile stimuli — for instance, the slight pro- 
longed touch of the palmar surface of one 
hand — were found capable of provoking a 
blocking of the wicket rhythm. In these tests 
the blocking occurs bilaterally but is stronger 
on the hemisphere contralateral to the stim- 
ulus. Also convergence in the same point was 
observed for stimulations of various parts of 
the body. The reappearance of the rhythm 
usually is noted on the contralateral side 
earlier than on the homolateral. Generally the 
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wicket rhythm is modified but slightly or not 
at all. At the same time the blocking of the 
alpha rhythm is often incomplete (fig. 9, 
upper tracings). In some other observations, 
particularly when the patient is asked to fix 
his eyes on a given point (for example, a 
colored dot on a white background) the block- 
ing of the alpha rhythm is associated with a 
marked decrease in amplitude of the wicket 
rhythm. When the patient is required to look 
actively at a bright, complex, test picture a 
complete blocking of the wicket rhythm may 
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Fig. 9 
Effects of simple opening and closing of the eyes (upper tracings). Effects of compliance 
with request to open eyes and look at details of a complex colored picture representing various 
dishes of food (lower tracings). The picture was brightly lighted by a photoflood bulb placed 


behind and above the patient. 


effect of tactile stimuli is less constant than 
effects provoked by movements. 

Visual stimuli (for example, a flash of 
light or a burst of flashes) and auditory stim- 
uli (for example, a click or a train of clicks 
of moderate intensity) did not provoke any 
constant significant changes of the wicket 
rhythm during wakefulness. 

Influences of Attention and Drowsiness. 
Factors that usually provoke blocking of the 
alpha rhythm were found to provoke various 
degrees of effect or sometimes none on the 
wicket rhythm, in accord with the level of at- 
tention required. In fact, it has been noted 
that during the simple opening of the eyes the 


be noted with the alpha blocking, while lambda 
waves appear on the posterior regions (fig. 9, 
lower tracings). Also, a diffuse electroenceph- 
alographic blocking which involved to some 
extent the wicket rhythm has been obtained 
when the patient opened his eyes in complete 
darkness, or when his vision was blurred with 
a pair of glasses with a + 10 lens on each side, 
and even when the patient tried to visualize, 
with the eyes closed, the details of a test 
picture observed before. At times — and 
particularly with the eyes closed — auditory 
attention may be as effective as the visual. 
Various modes of mental activity (for exam- 
ple, calculating) have been seen to provoke 
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some degree of blocking of the wicket rhythm 
as well as of the alpha. In a patient from 
whom a wicket rhythm at 8 to 8.5 ¢c/sec. was 
recorded from the depths of the rolandic area, 
visual and mental activity provoked disap- 
pearance of the wicket, which was replaced 
by bursts at 16 and sometimes at 12 per sec. 
(fig. 2, lower tracings). 

During spontaneous drowsiness (fig. 10), 
both wicket and alpha rhythms disappear. At 
this time a sudden stimulus such as a clap of 
the hands may produce the reappearance of 
both the alpha and the wicket rhythms, and 
the same effect may be provoked by a passive 


series presenting rolandic wicket rhythms 
were apparently normal persons. As for the 
nature of the rhythm, the relationships be- 
tween the frequency of the wicket rhythm 
and the frequency of the beta activity are not 
always simple. Further, the beta rhythm often 
is found over a wider topography than is the 
wicket (Magnus 1954). Close functional rela- 
tionships seem to exist between those two 
rhythms, however, on the evidence of a com- 
mon reactivity to movement and sensory stim- 
ulation. This evidence has resulted from the 
investigations on the blocking of the wicket 
rhythm done by the authors mentioned above 
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Fig. 10 
Effects of claps of the hands during spontaneous drowsy state. Electromyographic recordings 


from anterior surface of right arm. 


movement. Thus during drowsiness one may 
observe the apparently paradoxical phenom- 
enon of a movement bringing on the wicket 
rhythm. 


COMMENT 


According to Gastaut and _ co-workers 
(1952, 1954) and Gastaut (1952) the wicket 
rhythm is the result of exaggeration with 
halving of the physiologic beta rhythm; and 
the same authors have found a positive cor- 
relation between the presence of the wicket 
rhythm and a large group of psychosomatic 
symptoms and diseases. Though our work is 
not primarily concerned with the clinical sig- 
nificance of the wicket rhythm and does not 
have an impressive statistical basis, we would 
point out that one third of the subjects in our 


and by us, as well as from the observations 
made on the beta activity of the motor regions 
of animals by Gay and Gellhorn (1949) and 
Kruger and Henry (1956, 1957) and from 
studies in man by Jasper and Andrews (1938), 
Jasper and Penfield (1949), Delgado and 
Hamlin (1956) and Sem-Jacobsen and _ asso- 
ciates (1956). 

It should be admitted that although the 
blocking of an electrical rhythm is often inter- 
preted as an ‘‘activation pattern’’, its inti- 
mate nature is incompletely known at the 
present time. Indeed, recent single-unit re- 
cordings of Ricci and co-workers (1957) 
demonstrate that under certain conditions 
many cortical cells are unaffected, and that 
about as many are inhibited as activated when 
a surface rhythm is blocked. However, figure 


2 (lower tracings) shows a distinct accelera- 
tion of the rhythmic activity recorded from 
the depths of the rolandic region of a human 
patient during blocking of the wicket rhythm. 


The blocking of wicket rhythm after pas- 
sive as well as reflex movements, already noted 
hy Gastaut and associates (1952) and Gastaut 
(1952), appears to be related to the arrival 
in the rolandic area of proprioceptive impulses 
originated by the movement. That the cor- 
tical effect of reflex movement as well as of 
passive movement may be produced through 
a common operating mechanism is suggested 
also by the finding that the interval between 
the stimulus and the effect on the wicket 
rhythm is approximately the same with both 
these types of movement. 


In measuring those latencies as well as 
those from the beginning of a verbal order 
instructing a patient to move to the onset of 
the blocking of the wicket rhythm, difficulties 
were encountered that were due essentially 
to the fact that not uncommonly the disap- 
pearance of the wicket waves was gradual 
rather than abrupt. This may have caused 
some inaccuracy in measuring, which may ex- 
plain to some extent the excessive variation of 
such delays. Similar difficulties were encoun- 
tered by Travis and associates (1937) in an 
early study of the effects on the alpha rhythm 
of movements as a response to an external 
stimulus. 


It must be pointed out that the predomi- 
nance of the proprioceptive projections in the 
so-called motor area, demonstrated in man by 
Gastaut (1952) and in animals by Gay and 
Gellhorn (1949) and Kruger and Henry 
(1956, 1957), as well as the bilaterality of the 
response already noted by Gastaut (1952) and 
associates (1952), and the convergence in the 
same point of the rolandic area for the effects 
of passive and reflex movements of various 
parts of the body (so far as can be determined 
by scalp recordings) are in contradiction with 
the doctrines of classic physiology. Analogous 
speculation may be applied to the effect on 
the wicket rhythm of tactile stimuli, which 
was observed also by Gastaut and associates 
(1952) and Gastaut (1952) and by Magnus 
(1954). 

The usual occurrence of the blocking of 
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the wicket rhythm before the start of the 
spontaneous movement (which is at variance 
with the findings of Kruger and Henry 1956, 
1957) suggests that proprioceptive afferences 
are not likely to play an important role in the 
initiation of the blocking phenomenon. A 
further evidence supporting this assumption 
is that a blocking effect may be provoked also 
by suggested mental representation of a move- 
ment or by readiness to move, as already de- 
scribed by Jasper and Penfield (1949) in re- 
gard to the beta rhythm, and by Gastaut and 
associates (1952), Gastaut (1952), Magnus 
(1954), and Klass and Bickford (1957) for 
the wicket rhythm. However, it must be point- 
ed out that the possibility of some subliminal 
proprioceptive inflow cannot be excluded in 
the above observations even in the absence of 
any electromyographiec discharge. In this re- 
gard the observation of Klass and Bickford 
(1957), who were able to obtain a wicket 
blocking even upon mental instigation of 
movement of a phantom limb in one patient, 
is crucial, since afferent impulses could be 
excluded in such a ease. 


The reported effects of passive and reflex 
movements suggest that proprioceptive im- 
pulses (as well as others) flow to the motor 
cortex during the muscular contraction itself. 
Through these afferent impulses the motor 
discharge probably is ‘‘sustained, modified 
and directed into the proper pattern’’ (Gell- 
horn 1953), according to the classic work of 
Sherrington (1933) and to the more recent 
investigations of Hyde and Gellhorn (1949). 
This mechanism may be regarded therefore 
as having the properties of a feed-back system 
(Gastaut 1952). 


The predominantly contralateral projec- 
tion of proprioceptive afferences reported 
above may explain to some extent the predo- 
minance of the wicket blocking on the con- 
tralateral hemisphere during movements per- 
formed on command. The observation that the 
blocking of the wicket rhythm usually pre- 
cedes the start of such a movement is at 
variance with the findings of Gastaut and 
associates (1952) but confirms the results of 
later work by Gastaut alone (1952) and of 
some observations by Klass and Bickford 
(1957). Probably this phenomenon may be 
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interpreted as a conditioned electrocortical 
reaction preceding the motor reaction to the 
verbal order acquired during ontogenetic 
development (Ivanov-Smolenski 1952). 


The contralateral blocking of wicket 
rhythm preceding spontaneous movement sug- 
gests that while the patient is planning a given 
movement, a stream of impulses flows from 
some cortical or subcortical positions to the 
motor cortex of the opposite hemisphere, the 
blocking of the wicket rhythm being thus 
caused. This may have the effect of preparing 
the precentral area for action, probably by 
increasing its susceptibility to more elaborate 
volitional messages resulting from complex 
integrations, which supply to the motor neu- 
rons the plan of movement in the form of 
spatially and temporally varied patterns of 
impulses (Penfield 1954). The lack of a 
definite somatotopic organization of the con- 
tralateral wicket blocking (so far as can be 
determined in sealp recordings) and of the 
later homolateral blocking may indicate the 
marshalling of synergistic actions of muscular 
groups on the side contralateral to the move- 
ment, as well as on the homolateral side. 


That after movement the wicket rhythm 
reappears on the contralateral hemisphere 
earlier than on the homolateral suggests that 
the cessation of the afferent bombardment 
associated with the movement influences the 
contralateral rolandic area more promptly 
and directly than the homolateral. 


The observed effects on the wicket rhythm 
of attention and mental activity are at 
variance with the reports of Gastaut and as- 
sociates (1952), Gastaut (1952), and Klass 
and Bickford (1957). Selective blocking of 
the occipital alpha rhythm occurs with visual 
stimulations of moderate intensity (Jasper and 
Andrews 1938). Contrariwise, selective block- 
ing of the wicket can be produced by move- 
ment and by tactile stimulations of moderate 
intensity. This observation suggests the func- 
tional independence of the two rhythms in 
such stimulating situations. Stimulations of 
greater intensity — particularly those re- 
quiring considerable concentration of atten- 
tion — are capable of provoking a generalized 
response involving both the alpha and the 
wicket rhythms. The latter finding, together 


with that of the effects of drowsiness and of 
sensorial stimuli during the drowsy state, 
suggests that the wicket rhythm is also, to 
some extent, under the control of the mech- 
anisms which are responsible for the regula- 
tion of the state of consciousness. 


SUMMARY 


Analysis of the 500 most recent scalp 
recordings made in the electroencephalo- 
graphic laboratory at the Rochester (Minne- 
sota) State Hospital has revealed the presence 
of a rolandie wicket (‘‘en arceau’’) rhythm 
in 18 persons. 

Passive movements and reflex movements 


‘provoked blocking of the wicket rhythm. The 


interval between the beginning of the move- 
ment and the blocking was approximately the 
same for both types of movement. In com- 
parison with the effect of passive movement, 
the blocking provoked by reflex movement was 
shorter and predominated more markedly on 
the contralateral hemisphere. 

Blocking of the wicket rhythm was noted 
also in relation to spontaneous voluntary 
movements. When these were unilateral the 
blocking effect involved both central areas, 
usnally the contralateral before the homo- 
lateral. The beginning of the contralateral 
blocking usually preceded the onset of the 
muscular contraction. 

Blocking was observed also with move- 
ments on command. At first it had the char- 
acteristics of a generalized arousal; in suc- 
ceeding tests it became limited to the wicket 
rhythm of the rolandic areas. The wicket 
blocking followed with a fairly constant short 
delay after the beginning of the spoken order 
and, depending on the duration of the order, 
was seen approximately simultaneously with 
or a varied time before the onset of the mus- 
cular contraction. 

Tactile stimuli also produced bilateral 
blocking of wicket rhythm, with the stronger 
effect on the contralateral side. 

Visual and mental activity were able to 
provoke some degree of wicket together with 
alpha blocking in accord with the level of 
attention required. 

The mechanisms through which the above 
stimuli provoke the blocking of the wicket 
rhythm are discussed. 
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RESUME 


L’analyse des 500 derniers tracés enre- 
gistrés au Laboratoire d’Electro-encéphalo- 
graphie du Rochester State Hospital (Minne- 
sota) a démontré la présence d’un rythme en 
arceau rolandique chez 18 sujets. Ce rythme en 
arceau était bloqué par les mouvements passifs 
et les mouvements réflexes. L’intervalle entre 
le début du mouvement et le blocage était a 
peu pres identique pour ces deux types de 
mouvement. Néanmoins le blocage du rythme 
en arceau provoqué par les mouvements ré- 
flexes était de plus courte durée que celui 
produit par les mouvements passifs et prédo- 
minait plus nettement sur |’hémisphére con- 
tralatéral. Un blocage du rythme en arceau 
a été observé aussi en relation avec les mou- 
vements volontaires spontanés. Quand ceux-ci 
étaient unilatéraux le blocage intéressait les 
deux aires centrales mais d’habitude apparais- 
sait plus tot du coté hétérolatéral que du 
coté homolatéral. En plus, le début du blo- 
cage hétérolatéral précédait le début de la 
contraction musculaire. 


Un blocage du rythme en arceau a été éga- 
lement observé lors de mouvements exécutés 
sur commande. Au début ce blocage avait les 
caractéristiques d’une réaction d’éveil géné- 
ralisée mais dans les tests suivants, le blocage 
devenait limité au rythme en arceau des ré- 
gions rolandiques. L’effet de blocage faisait 
suite au début de l’ordre verbal aprés un délai 
assez constant et de courte durée. II s’ins- 
tallait 4 peu prés simultanément avee la con- 
traction musculaire ou avant celle-ci en un 
temps varié selon la longueur de 1’ordre 
donné, 


Des stimuli tactiles produisent également 
un blocage bilatéral du rythme en arceau. 
Cet effet est plus marqué du cété hétérolatéral. 

L’activité visuelle et mentale peut provo- 
quer un certain degré de blocage du rythme en 
arceau et du rythme alpha en rapport avee le 
niveau d’attention exigé. 


Les mécanismes par lesquels les stimuli 
cités plus haut causent un blocage du rythme 
en arceau sont discutés. 


ZUSAMMENFASSUNG 


Kine Untersuchung der letzten 500 EEG’s, 
welche im Rochester State Hospital (Minne- 
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sota) aufgenommen wurden, ergab, dass der 
‘‘Bogenrhythmus’’, (‘‘rhythme en arceau’’) 
bei 18 Personen nachgewiesen werden konnte. 
Passive Bewegungen und Reflexbewegun- 
gen blockierten diesen ‘‘Bogenrhythmus’’. 
Das Interval zwischen dem Anfang der Be- 
wegung und der Blockierung des Rhythmus 
war ungefahr derselbe fiir beide Arten von 
Bewegungen. Die Blockierung durch eine Re- 
flexbewegung war jedoch kiirzer als die bei 
einer passiven Bewegung produzierte und war 
in der kontralateralen Hemisphare deutlicher 
zu sehen. ! 
Blockierung des ‘‘ Bogenrhythmus’’ wurde 
auch beobachtet wenn spontane Willktirbewe- 
gungen ausgefiihrt wurden. Wenn diese 
einseitig waren, so erfolgte die Blockierung 
in beiden Zentralregionen, im allgemeinen 
auf der kontralateralen Seite friiher als auf 
der homolateralen. Der Beginn der kontra- 
lateralen Blockierung ging im allgemeinen 
dem Einsetzen der Muskelkontraktion voraus. 
Blockierung wurde auch beobachtet bei Be- 
wegungen, welche auf Kommando ausgefitihrt 
wurden. Zuerst zeigte diese EEG-Reaktion 
den Charakter eines generalisierten Weckef- 
fektes. Im nachfolgenden Test jedoch wurde 
die Antwort lokalisierter und _ beschrankte 
sich auf den ‘‘Bogenrhythmus’’ in der Zen- 
tralregion. Die Blockierung des Rhythmus 
erfolgte mit einer ziemlich konstanten kurzen 
Latenzdauer auf das gesprochene _ Kommando 
und je nachdem wie lang dieses gesprochene 
Kommando war, wurde entweder zur gleichen 
Zeit oder irgendwann vor dem Ejinsetzen der 
Muskelkontraktion beobachtet. 


Beriihrungsreize produzierten ebenfalls 
eine bilaterale Blockierung des ‘‘ Bogenrhyth- 
mus’’, wobei die Blockierung auf der kontra- 
lateralen Seite starker ausgepragt war. 

Visuelle und psychische Aktivitét waren 
auch imstande, den ‘‘Bogenrhythmus’’ bis 
zu einem gewissen Grad zu blockieren, und 
dies ereignete sich zusammen mit Blockierung 
des Alpha-Rhythmus. Der Grad der Block- 
ierung hing vom Grad der notigen Aufmerk- 
samkeitsspannung ab. 

Die Mechanismen, mit deren Hilfe die 
erwahnten Reize die Blockierung des ‘‘Bo- 
genrhythmus’’ bewerkstelligen, werden _be- 
sprochen. 
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PROVOCATION OF ELECTROENCEPHALOGRAPHIC CHANGES 


IN THE TEMPORAL REGION BY INTERMITTENT 
ACOUSTIC STIMULI 


H. F. R. Precuti, Ph.D. 


Department of Neurology, University of Groningen, 
The Netherlands 


(Received for publication: March 12, 1958) 


In the course of an EEG investigation 
into central adaptation or habituation to con- 
stantly repeated acoustic stimuli, two subjects 
were found to show pathological paroxysmal 
waves in the temporal region. On the basis of 
this incidental finding the question was raised 
as to whether, and to what extent, acoustic 
stimuli are capable of provoking pathological 
waves in the temporal region. 


Some data on this problem may be found 
in the literature. Gastaut, Roger, Corriol and 
Gastaut (1949) compared the effect of photo- 
stimulation with that of intermittent acoustic 
stimuli of 8-20 c/see. and a pitch of 1000- 
8000 e/see. They found that photostimulation 
is considerably better suited to the provocation 
of absences than acoustic stimulation. Arella- 
no, Schwab and Casby (1950) reported on two 
cases in which epileptic seizures could be pro- 
voked with the aid of pure sounds of 100 Db. 
In 1952 Passouant, Schwab, Brazier and 
Casby (1952) reported on 13 patients who 
were stimulated by means of brief intermittent 
pure sounds while asleep. Four patients show- 
ed paroxysmal activity, and a focus was found 
in three. Kluge and Friedel (1953) made 
EEG records of 36 normal subjects listening 
for 15 min. to a tape recording of mono- 
tonously. repeated drumrolls. The EEG 
changes then observed consisted of a reduction 
of the alpha rhythms and the occurrence of 
theta-waves. Gastaut and Pirovano (1949) 
reported on four patients and Gastaut, Benoit, 
Vigouroux and Roger. (1954) on two children 
showing a temporal epileptic focus. In these 
patients it was possible. —- by means of clicks 
or short dashes of pure sound — to produce 
spikes as a direct reaction. Suenaga and Noda 
(1955) obtained unilateral EEG leads from 
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the temporal region in 35 test subjects listen- 
ing to a ticking metronome. The various test 
subjects showed various changes in the alpha 
and the beta pattern, according to the pre- 
stimulatory picture. 

None of the authors mentioned above, how- 
ever, succeeded in provoking unmistakable 
changes in the bioelectric activity of the 
temporal system by acoustic stimulation in a 
larger number of patients. 


MATERIAL AND METHODS 


The material used in this investigation 
consisted of 1500 EEG’s made routinely in a 
total number of 1442 neurological and psy- 
chiatric patients. All subjects were submitted 
to acoustic stimulation in addition to the usual 
provocations by hyperventilation and_in- 
termittent photostimulation. The results of 
the provocation methods have been compared. 

The acoustic stimuli used were clicks of 
40-80 Db.intensity, produced by a loudspeaker 
at a distance of about one meter from the 
patient. 

The apparatus used, included an ‘‘Epi- 
phote’’ (Apelimex, Levallois/France) and a 
device of our own design. The clicks were pro- 
duced at a rate of 2 per sec. as separate clicks 
or double clicks. The interval of the double 
clicks was changed several times. Routine 
application as a rule involved separate clicks 
for about 144-2 min., followed by double 
clicks for 1 min. This was twice repeated 
during an EEG recording, with an interval 
of about 15 min., each time using different 
leads via the temporal region. 

Recordings were made with a Grass III A. 
and a Reega (Alvar), both of the 8-channel 
type. Leads were bipolar and in addition 
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by reference against an ear or against an 
average electrode according to Goldman. All 
patients were awake, lying on the examining- 
couch with the eyes closed. 


RESULTS 


In the group of 1442 patients mentioned 
above, a total of 1500 EEG’s were made. The 
subjects were patients submitted for routine 
examination. This group included 139 pa- 
tients who — once or through several re- 
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The group of 139 patients showing EEG 
changes was subdivided, according to positive 
or negative provocative effect of acoustic stim- 
ulation (AS), into three subgroups, viz: 

(a) A group of 130 cases in which AS 
provoked EEG changes. 

(6) A group of 8 cases in which AS was 
not followed by an increased occurrence of 
paroxysms, although these occurred either 
spontaneously or due to photostimulation or 
hyperventilation. 


TABLE I 


Correlation between paroxysmal waves in the temporal region and the provocative effect of the acoustic 


stimuli (130 cases with positive acoustic provocation). 


Photo- Hyper- Acoustic 
Spontaneous stimulation ventilation stimuli 

No abnormalities 101 105 48 — 
Paroxysmal waves with a and @ frequencies (fig. 1 and 2) 13 10 40 57 
Sharp and slow wave (fig. 3) 3 1 1 14 
Delta- or theta waves .. .. .. .. 4. 5 2 21 3 
Spikes or sharp waves (fig. 4) .. 5 3 8 53 
Spikes and waves 3 7 6 3 
Provocation to be refrained 2 6 

Seizure during provocation 0 0 4 3 

8 cases without acoustic provocation. 
No abnormalities 6 4 1 8 
Paroxysmal waves with a and @ frequencies — 1 3 -— 
Delta- or theta waves 1 1 3 — 
Spikes or sharp waves 1 1 case ptt 
Spikes and waves — 1 ~— — 
Provocation to be refrained 1 
1 ease with suppressive effect of acoustic provocation. 
Paroxysmal waves with a and @ frequencies 1 -- 1 : 
suppression 


cordings — showed pathological paroxysmal 
waves in the temporal region, either spontan- 
eously or after provocation. Constant (i.e. 


non-paroxysmal) focal changes such as delta 
foci in the case of temporal tumours were not 
included in the figures given. Nor did these 
include the occurrence of sleep-patterns or 
paroxysms not localized in the temporal re- 
gion such as may be provoked by acoustic 
stimuli. 


(c) One ease in which spontaneously oc- 
curring spikes were suppressed during AS. 

Further differentiation of wave types 
found spontaneously, due to photostimulation, 
hyperventilation and AS, in the temporal re- 
gion, is presented in table I. It may be seen 
that AS particularly provokes paroxysmal 
waves with alpha and theta frequencies (fig. 
1 and 2) and sharp waves and spikes (fig. 3 
and 4) and to a considerably more marked ex- 
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Fig. 1 
A-B. Temporal focus of paroxysmal waves with alpha and theta frequencies, marker shows 
click-frequency. A and B: female, age 34, migraine. 
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Fig. 2 
A-B. Temporal focus of paroxysmal waves with alpha and theta frequencies, markers shows 
click-frequency. A and B: male, age 41, psychomotor attacks. 
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tent than can be effected by the other above- 
mentioned methods of provocation. In 49 cases 
(37 per cent) pathological waves were seen 
only during AS (or focus localization was pos- 
sible only during AS). The provocative effect 
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Fig. 3 


L temporal focus of sharp and slow waves. Male, age 
51. Psychomotor attacks for several years. 


invariably occurred after application of clicks 
in constant sequence for some time (the min- 
imal period being 12 sec., and the maximal 
period 2144 min. in the material under in- 
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vestigation). The discharges themselves show- 
ed no direct correlation with the separate 
clicks (illus. 1-4) — a fact which eliminates 
the possibility of evoked potentials being in- 
volved. Hyperventilation was found to be 
more effective, however, in provoking parox- 
ysmal delta and theta-waves, while photostim- 
ulation had a somewhat more marked effect on 
the increased occurrence of spikes and waves. 
Photostimulation was generally far less pro- 
vocative of anomalous wave types in the 
temporal region than hyperventilation, which 
in turn was less effective in this respect than 
AS. Clinical seizures were seen during hyper- 
ventilation in 4 cases, and during AS in 38. 
These seizures were temporal both clinically 
and in EKG features. In a few eases photo- 
stimulation and hyperventilation had to be 
refrained from in view of the subject’s unsa- 
tisfactory general condition (see table I). 
During AS, 20 patients developed either a 
sleeping rhythm or a slight change in alpha 
level. Yet it is impossible to find any corre- 
lation between the provocative effect of AS 
and these drowsy states; no unmistakable 
relationship between the occurrence of drowsy 
states and the occurrence of the pathological 
paroxysms was demonstrable in our material. 
Table II shows findings of localization. 
The data show a marked predominance of left- 
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Fig. 4 
R temporo-parietal focus of sharp waves. Male, age 12. Aggressive bursts, learning defects. 
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sided foci, in accordance with the data com- 
prised in the literature. 

The age of the patients examined varied 
between 4 and 68 years, without a significant 
preference for a special age. 

The clinical symptoms in these 139 cases 
are presented in table III. In patients with 
predominantly psychiatric conditions, signs of 
organic lesions have been revealed by psycho- 
logical tests, independent of EEG findings 


TABLE II 


Localization of focal activity in 130 cases with 
positive acoustic provocation. 


No. of 

patients 
re MON ra Sede 2 ee EER Om eis. ae 
Pg | Ew a eee eer 
Bitemporal, synchronous .. . .. .. .. .. .. 27 
Reng, sa BLS Sa MS ee 5 
eI nt hal es shee at anid Tek CABG Selah Fi lee 6 
130 


Localization of focal activity in 8 cases without 
acoustic provocation. 


No. of 

patients 
BE No Sie at aa. are RP ER 
I NE nhs “as dhcp a ce ee oe 3 
SI So cs ps ad a MA a te, bs 2 
8 


Localization of focal activity in 1 case with suppressive 
effect of acoustic provocation. 


No. of 
patients 


pS a Re ey Ot ae a apes ee gee aes Cae 1 


(this will be reported in detail in another 
publication). 

The clinical symptoms of the group with 
paroxysmal waves in the temporal region were 
compared with the symptomatology of a con- 
trol-group of 139 patients without temporal 
paroxysms. The latter were patients, whose 
EEG’s were recorded at the same days as the 
EEG’s of the temporal group. As given in 
table IV, no single case of temporal epilepsy 
and of schizoid syndrom was found in the 
control-group. 
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In order to get information on the clinical 
significance of the paroxysmal waves of alpha 
and theta frequencies, the clinical sympto- 
matology of 50 patients with these waves dur- 
ing AS was compared with the sympto- 
matology of 50 patients showing spikes or 
sharp waves during AS. In the first group 
36 patients had a history of epileptic seizures, 
whereas there were 24 patients with convul- 
sions in the second group. Determined with 
the y?-test, the difference in frequency of 
patients with seizures in the two groups is 
significant at a 2 per cent level. This result 
shows that in our recordings the paroxysmal 


waves of alpha and theta frequencies are 


evidently pathological. In addition, this dif.- 
ference was not due to difference in the use 
of antiepileptic medication during the record- 
ings. 

Since the clinical pictures involved were 
highly variable, although temporal EEG 
changes were a common feature, the question 
arose as to whether the EEG features de- 
scribed did in fact constitute signs of organic 
cerebral damage, with other common features 
besides the EEG. In order to eliminate the 
possibility that the manifestations provoked 
by AS be based on non-pathological processes, 
the following procedure was used: In addi- 
tion to the 1303 patients in whom none of the 
abovementioned temporal EEG changes oc- 
eurred at routine EEG during AS, and who 
showed no other anomalies in the temporal 
region either, 25 clinically normal test sub- 
jects of different age were examined under 
identical conditions as the patients described, 
with AS over a period of 30-45 min., without 
obtaining any EEG evidence of paroxysm. 


DISCUSSION 


Since the special clinical significance of 
epileptic foci in the temporal region has be- 
come recognized in the past few years, various 
methods of provocation enhancing focal EEG 
activity have been described. 


The starting-point of the investigations 
was found in a number of patients with psy- 
chomotor attacks, in whom the number of 
EEG changes with provocation was compared 
with the number without provocation. Gibbs 
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TABLE III 


Symptomatology of patients with paroxysmal waves in the temporal region. 


NEUROLOGICAL SYMPTOMS 


PSYCHIATRIC SYMPTOMS 


130 cases with positive acoustic provocation 


Grand mal ... ee See oe 

Grand mal and temporal attacks 

Complex temporal attacks 

Temporal aura without attacks 

Abdominal attacks 

Méniére attacks 

Akinetic seizure . 

Undefined attacks 

Absences 

Headache and vertigo 

Headache ..._... ‘ 

Migraine-like attacks 

Asthma (frequent attacks of many years’ 
standing) i Se be 

Black out 

Meningitis (posttraumatic) 

Enuresis nocturna 

Narcoleptic attacks and migraine 

Cerebral arteriosclerosis ’ 

Turrieephaly and syringomyelia 


bo 
me Oo Oo 


OND OO OW dO 


bh 
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Schizophreniform syndrome .. . 

Behaviour disorders (children under 18) 
Psychopathic behaviour oh Aah? ge Zs” Saga 
eee eee ks SE ecb we a eae! rd 


Seen io 


& cases without acoustic provocation 


Cerebral compression (temporal sss. Par 
fracture ) eer a Sea es pe 

Temporal attacks 

Grand mal = ia ec 

Frontotemporal cyst 

Twilight states 

Undefined attacks 


fed faked famed peed fd 


Hyperaesthetic emotional syndrome .. .. .... 1 
Hysterical payehopathy . .. . 2 2m oa w 2 


1 case with suppressive effect on the acoustic provocation 


Neurotic state and CO intoxication .. .. .. .. 1 


TABLE IV 


Symptomatology of control-group (139 patients) without temporal paroxysms. 


NEUROLOGICAL SYMPTOMS 


Sy CS v2 2 at LER eres gpa ee et Tae er ae 
Petit mal ..._.. ra 

Jackson ’s epilepsy 
Akinetie attacks ; 
Convulsions in children 
Undefined attacks 
Posttraumatie state 
Vascular accident 
Intracranial tumours 
Spastic syndrome 
Intoxication - 
Leuco-encephalitis ... 
Migraine 

Atypic headache 
Asthma 

Chorea minor 

Enuresis nocturna 
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PSYCHIATRIC SYMPTOMS 


Psychosis 
Behaviour disorders (children ‘under ‘18) 
Retardatio mentis wae 
Psychopathic behaviour 

Neurotic state 
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and Gibbs (1946) found 25-31 per cent ep- 
ileptic discharges in the EEG in epileptics 
with temporal attacks while awake; the cor- 
responding figure during natural sleep was 
98 per cent. In the case of Evipan anaesthesia, 
too, several investigators have reported act- 
ivating effects (see Kajtor 1956, 1957). 

More recently, several laboratories have 
used Largactil intravenously as provocation 
(Mayer and Lechner 1954; Fitinfgeld 1956). 
Gloor et al. (1957) recently pointed out that, 
when pharyngeal electrodes are used, sleep 
provocation is obviated in a high percentage 
of cases. 


Metrazol (Cardiazol) and Megimide, some- 


times with simultaneous photostimulation, 
have also been used in focal diagnosis (John- 
son and Walker 1952, and others). 

Our results cannot be directly compared 
with these investigations, as our series in- 
eluded not only patients with psychomotor dis- 
turbances but also patients with other clin- 
ical symptoms. The results obtained were not 
selected according to a certain clinical picture 
but rather according to the EEG evidence of 
paroxysmal discharges in the temporal region ; 
differentiation was subsequently made on the 
basis of whether pathological discharges oc- 
curred spontaneously or only after photo- 
stimulation, hyperventilation and AS. The 
figures given in table I clearly demonstrate 
the superiority of AS as compared with the 
other routine provocations by photostimula- 
tion and hyperventilation. In 37 per cent of 
patients focal diagnosis was possible only by 
AS, although pharyngeal electrodes were used. 


Some indications are available as to the 
neurophysiological mechanism of the provo- 
eative effect of AS on pathological discharges 
in the temporal region. It has been established 
with certainty that the afferent bombardment 
caused by the clicks in the auditory cortex and 
in other parts of the temporal region ? should 
last at least several seconds before an effect 
occurs. The afferent impulses would seem to 
activate epileptic activity to the extent that 
it becomes visible in the EEG. A certain 


1 Machne and Segundo (1956), using micro-leads 
in the amygdaloid nucleus, found units which re- 
sponded to clicks- by-series of discharges. - 
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correlation with habituation processes may be 
suspected also: at the beginning of serial stim- 
ulation there is as a rule an arousal reaction 
for 5-10 sec., with simultaneous suppression of 
epileptic discharges, while subsequently there 
is a return to the alpha level, followed by 
epileptic discharges. This occurs only, how- 
ever, if the clicks are repeated at a low and 
constant frequency. Frequencies of 114-3 per 
sec. proved to be the most effective. In our 
experience provocation remained absent at 
higher frequencies. It may be stated again 
that no correlation exists between the activa- 
tion of pathologic paroxysms and the oceur- 
rence of sleep or drowsy states during AS. 


SUMMARY 


1. From 1500 routine EEG’s, 139 were 
selected as showing paroxysmal changes in the 
temporal region. During all (1500) EEG 
recordings provocation was attempted by pho- 
tostimulation, hyperventilation and by inter- 
mittent acoustic stimulation. 

2. The clicks were applied for about 3 
min., at an average frequency of 2/sec. and an 
intensity of 40-80 Db. 

3. Clicks had an activating effect in 130 
of the 139 cases with temporal paroxysms in 
the EEG. In 49 cases (37 per cent) path- 
ological waves were seen only during clicks, or 
localization of focus was possible only during 
clicks. 

4. The mechanism of the provocative effect 
of acoustic stimulation is discussed. 


RESUME 


1. Sur 1500 EEG de routine on a choisi 
139 comme étant démonstratifs de change- 
ments paroxystiques dans la région temporale. 
Au cours de tous (1500) les EEG la stimula- 
tion fut essayée au moyen de la stimulation 
lumineuse, l’hyperventilation, et la stimula- 
tion auditive intermittente. 

2. Les eclies étaient appliqués pendant en- 
viron 3 min., 4 une fréquence moyenne de 
2/see. avec une intensité de 40 - 80 Db. 


3. Les clics avaient un effet activant dans 
130 des 139 cas de paroxysmes temporaux. 


Chez 49 cas (37 pour cent) on n’a vu des | 


ondes pathologiques qu’au cours des clics, 


Re fer 


ere 


ho- 
ter- 


ou bien la localisation du foyer n’était possible 
qu’a ce moment-la. 

4. On diseute les mécanismes de 1’effet 
provoquant de la stimulation auditive. 


ZUSAMMENFASSUNG 


1. Aus 1500 routinemassig aufgenom- 
menen Elektroencephalogrammen wurden die- 
jenigen ausgewahlt, die paroxysmale Wellen 
in der Temporalregion aufwiesen; es waren 
dies 139. Bei sémtlichen (1500) EEG-Auf- 
nahmen wurde mit Flackerlicht, Hyperventi- 
lation und Serien von Clicks provoziert. 

2. Die Clicks wurden meist 3 Minuten lang 
mit einer Durchschnittsfrequenz von 2/see 
und einer Intensitat von 40-80 Db. geboten. 

3. Bei 130 von den 139 Fallen hatten die 
Clicks provozierenden Effekt auf die parox- 
ysmalen Entladungen im Temporalgebiet. Bei 
49 Fallen, das sind 37 Prozent, traten nur 
wahrend der Clicks pathologische Wellen auf 
oder es war nur dann eine Lokalisation des 
Krampffocus moglich. 

4. Der neurophysiologische Mechanismus 
des provozierenden Effekts wird diskutiert. 


The author wishes to express his thanks to A. M. 
Hamoen, M.D., for his criticism on the interpretation 
of the electroencephalograms and to the T.N.O. 
(Netherlands) for a grant which partly supported this 
work, 
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ANNOUNCEMENT 


INCREASED SUBSCRIPTION RATES 
FOR THE EEG JOURNAL 


Continued rise in cost of printing and engraving, together with 
the increase in number of pages in each volume of our Journal, made 
necessary by the large amount of scientific material submitted for 
publication, has made it necessary to raise the rates of annual 


subscriptions for the coming year (1960). 


Please note in making your renewal for 1960 that the regular 
rate will be thirteen dollars ($13.00 Canadian). Subscriptions 
through EEG Societies will be increased to twelve dollars ($12.00 


Canadian). 


This increase in income should make it possible not only to 
eliminate financial deficits but to provide over 900 pages of scientific 
material in the forthcoming volume of our Journal. In this way we 


hope to reduce present delays in publication. 


The Editorial Board expresses appreciation for the continued 


support of a steadily increasing numbers of subscribers. 
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ELECTROCORTICOGRAPHIC CHANGES IN TEMPORAL 


LOBE EPILEPSY AT REST AND DURING 
INDUCED SLEEP 
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(Received for publication: May 13, 1958) 


INTRODUCTION 


By electrocorticographice studies and sur- 
gical operations on epileptic patients with 
temporal lobe foci it has been possible in 
many eases to locate precisely the origin of 
the seizure discharges. Direct registrations 
from the lateral surface of the temporal lobe 
generally permit to record epileptic waves 
from an extensive cortical area rather than 
from a circumscribed point. This extensive 
cortical area involves the three lateral convo- 
lutions, the tip of the lobe and the opercular 
region of the insula (Bailey and Gibbs 1951; 
Green, Duisberg and McGrath 1951; Jasper, 
Pertuisset and Flanigin 1951; Gastaut et al. 
1950, 1953; Guillaume, Mazars and Mazars 
1953; Petit-Dutaillis et al. 1953; Paillas, Gas- 
taut et al. 1953; Krayenbiihl, Hess and Weber 
1953; Maspes and Marossero 1954; Falconer 
et al. 1955). 

The paroxysmal electric alterations may 
appear alternatively at different points on the 
temporal cortex (Bailey and Gibbs 1951; Jas- 
per, Pertuiset and Flanigin 1951; Gastaut 
et al. 1953; Petit-Dutaillis et al. 1953; Maspes 
and Marossero 1954). Important evidence has 
been obtained by the use of depth electrodes 
inserted into the temporal lobe. The authors 
who have used this technique have been able 
to record spontaneous spike discharges in deep 
regions situated near the base of the temporal 
lobe and the hippocampal gyrus (Green, Duis- 
berg and McGrath 1951; Krayenbiihl, Hess 
and Weber 1953; Amador 1955; Kellaway 
1956: Kendrick and Gibbs 1957) and also 
from the region of the amygdaloid nucleus 
(Paillas, Vigouroux, Corriol and Bonnal 
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1952; Gastaut et al. 1953; Brazier et al. 1954 
and 1956). 


Other authors, placing surface electrodes 
in contact with the base of the temporal lobe 
and the hippocampal gyrus, have been able 
to establish in many eases that the epilepto- 
genic focus was situated in these structures 
(Paillas and Gastaut 1950; Paillas, Gastaut 
et al. 1953; Marshall 1953; Valladares and 
Markovich 1953; Falconer, e¢ al. 1955). These 
last reports tend to demonstrate that the 
origin of the epileptic discharges may be deep 
in the temporal lobes or in the ‘‘rhinen- 
cephalic’’ structures. This point of view ap- 
pear to be confirmed by the observation of 
almost all the authors named above that the 
epileptic discharges in the hippocampal gyrus, 
in Ammon’s horn and in the amygdala per- 
sisted after the partial ablation of the 
temporal lobe (as Jasper and Kershman 1941 
had already observed). According to certain 
authors, the insula may be primarely involved 
by the epileptogenic lesion in some eases 
(Guillaume and Mazars 1948 and 1953; 
Paillas, Gastaut, Bonnal and Vigouroux 1953; 
Penfield and Jasper 1954; Bailey 1954; Ama- 
dor 1955) ; sometimes also the orbital region 
of the frontal lobe may be involved (Gastaut 
et al. 1953). 


Finally it is not without importance to 
recall that in certain cases electrocortico- 
graphy of the lateral surface of the temporal 
lobe did not reveal epileptic activity (Pen- 
field and Flanigin 1950; Green, Duisberg and 
MeGrath 1951; Gastaut et al. 1953 ; Guillaume, 
Mazars and Mazars 1953; Krayenbiihl, Hess 
and Weber 1953) and that the local applica- 
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tion of Metrazol (Cardiazol) has sometimes 
not produced modifications of preexisting ep- 
ileptic activity (Bergamini, Marossero and 
Maspes 1953). 

Recently Gastaut eft al. (1953) have fur- 
ther developed the concept of the deep origin 
of the discharges of a temporal focus in 
epileptics. These authors assert that the 
primary focus at times may not be situated 
in the ‘‘rhinencephalic’’ cortex but in deeper 
structures such as the thalamus, hypothalamus 
and tegmentum. In these cases a scalp EEG 
would show discharges emanating  alter- 
natively from points in one or the other of 


the temporal lobes as Lennox and Brody 


(1946) demonstrated in eases of subcortical 
lesions. Dell (1953) and Kaada (1953) also 
expressed ideas along this line. The hypo- 
thesis of the subcortical (diencephalic) origin 
of focal type temporal discharges was ad- 
mitted as plausible by Broglia, Marossero and 
Maspes (1954) in cases with spike discharges 
from the posterior temporal region. 

The purpose of this study is to report 
on the results of electrocorticographic exam- 
inations carried out in the course of operations 
performed for temporal lobe epilepsy. 


METHODS 


Eighteen subjects were examined, almost 
all of whom were young or middle aged. These 
subjects demonstrated seizures of a psycho- 
motor type, of a generalized type, or of a 
psychomotor and generalized type. Only one 
patient showed signs of neurological deficit 
(spastic hemiparesis on the side contralateral 
to the epileptic focus). The pre-operative 
EEG revealed in all cases focal spike dis- 
charges in wakfulness as well as in sleep ob- 
tained with a dose of Pentothal equal to that 
used during electrocorticography (see below). 
In 7 cases these discharges were strictly local- 
ized on one side. They showed occasional 
spread to the homologous contralateral region 
in 10 cases, while in only one ease the temporal 
discharges shifted in successive tracings from 
one side to the other. In all but one case 
unilateral anterior temporal lobectomy (right 
or left) was carried out and in the case with 
shifting bi-temporal discharges a_ bilateral 
operation was performed (Prof. M. Milletti). 
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TECHNIQUE 
Arrangement of electrodes. 
In every case (generally 40-47) electrodes 
were applied both sub- and supra-durally. 
The electrodes were made of silver or pla- 
tinum buttons 4-5 mm. in diameter and 0.5 


Fig. 1 
X-ray of the skull showing electrode positions. 


mm. thick. These were incapsulated in polye- 
thylene sheets and attached to thin flexible 
wires. The wires were perfectly insulated and 
inserted in polyethylene tubes. Six (rarely 
2) electrodes were placed in a linear arrange- 
ment in contact with the hippocampal gyrus! 


1 The terms hippocampal gyrus and uneinate gyrus 
are used interchangeably to designate the convolution 
of the hippocampus. 


Four ¢ 
tempo! 
above 

some ¢ 
lateral 
sionall 
durall; 
surface 
electro 
idurall 
each, 11 
fusifor 
volutio 
sylvian 
were p 
of the 
left in 
to 48 | 
poral | 
control 
taken i 
(fig. 1 
time of 
ther de 


The 
enceph. 
wan) ¢ 
general 
ECoG « 
patient, 
and in 
with Pi 
eases r¢ 
fore an 
alysis ¢ 
already 
and Su 


per cen 
compose 
slow bi] 
gyrus, : 
amplitu 
and rar¢ 
from tv 
eampal 


Four electrodes were placed on the tip of the 

temporal lobe ; 2 to 4 electrodes were arranged 
S above and below the sylvian fissure and in 
sme cases 2 electrodes were placed on the 
lateral surface of the temporal pole. Occa- 
) sionally another electrode was placed sub- 
durally in contact with the posterior orbital 
surface of the frontal lobe. The remaining 
edectrodes, 30 in number, were arranged ep- 
idurally in 5 transverse rows of 6 electrodes 
each, in such a manner as to correspond to the 
fusiform gyrus, to the 3 lateral temporal con- 
yolutions and to the inferior part of the supra- 
sylvian region. In one case all the electrodes 
were placed below the dura. After the closure 
of the osteoplastic wound, the electrodes were 
left in position for a period ranging from 24 
to 48 hours prior to the removal of the tem- 
poral lobe. The placement of electrodes was 
controlled in every case by means of X-rays 
taken in the AP, lateral and axial projections 
(fig. 1), and was directly controlled at the 
time of the second operative stage. For fur- 
ther details see Milletti (1955 and 1959). 


The registrations were made with electro- 
encephalographs of 6-8 (A.T.E.) or 16 (Edis- 
wan) channels. The electrode resistence was 
generally not higher than 4,000 ohms. All 
ECoG examinations were carried out with the 
patients awake for a period of from 3-6 hours 
and in 15 cases during sleep rapidly induced 
with Pentothal at doses of 75-300 mg. In 14 
eases registrations were also carried out be- 
fore and during surgical anesthesia: the an- 
alysis of the results of this last study has 
already been separately described (Rovetta 
and Suriani 1956). 


RESULTS 


A — Spontaneous epileptiform activity. 


1. Resting activity. Sixteen cases (or 89 
per cent) showed maximum epileptic activity 
composed of triphasic spikes, and rarely of 
slow biphasic potentials in the hippocampal 
gyrus, mostly in its anterior portion. The 
amplitude generally did not exceed 500 pV. 
and rarely 800 »V. Often spikes were obtained 
from two or more electrodes on the hippo- 
eampal gyrus, but mostly there was phase 
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reversal in only one or two of the three more 
anteriorly situated electrodes (fig. 3, 6, 7). 
Discharges on the middle and posterior por- 
tion of the uncinate gyrus were sometimes 
asynchronous with the discharges of the more 
anterior part. In the remaining two cases 
only a few spikes of 150 ,»V. or less were re- 
corded from the hippocampal gyrus. 


In all cases spike discharges were obtained 
from the temporal pole and in some instances 
from the frontal and temporal operculum. 
These in general consisted of potentials having 
a duration of 200 msec. or more and the 
amplitude did not exceed 300 ,»V. in all but 
2 cases in which the spikes were higher than 
those recorded from the uncinate gyrus. With 
the exception of 2 cases, the number of spikes 
per time unit was less than that recorded 
from hippocampal gyrus. In one ease in 
which an electrode was also applied to the 
orbital surface of the frontal lobe, paroxysmal 
discharges were obtained from this region 
with characteristics of duration, amplitude 
and appearance equal to those from the tip 
of the temporal lobe. The spike discharges 
of the temporal pole were sometimes syn- 
chronous with those of the hippocampal gyrus 
but in a greater number of cases the dis- 
charges occurred independently in the two 
regions (fig. 2). 

In many eases discharges also spread over 
the fusiform gyrus and all three lateral con- 
volutions, but in 5 patients they were ob- 
tained only from limited areas of one or two 
lateral convolutions. Discharges did not ap- 
pear in 5 instances on the fusiform gyrus and 
in one on the lateral aspect of the temporal 
lobe. From the frontal and parietal operculi 
spikes were recorded in 3 cases. The spike 
amplitude was generally not above 150 ,V. 
and in almost all patients the paroxysmal 
potentials were rare as compared to the fre- 
quent occurrence in the other region exam- 
ined. In some cases no more than 3-4 dis- 
charges were observed in almost half an hour 
of recording. In one patient only the spikes 
predominated on the three lateral convo- 
lutions. 


The epileptiform potentials of the fusi- 
form gyrus and the lateral aspect of the 
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lobe were usually synchronous and often also lutions. When the discharges from the pole 
with the discharges from the pole. In a small were synchronous with those of the uncinate 
number of cases, spikes appeared alternatively gyrus, the spikes from the lateral surface were 
in different zones of the three lateral convo- also occasionally synchronous. 
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Fig. 3 
Right anterior temporal epileptogenic focus. Recording after awakening from barbiturate 
sleep; spike discharges of high amplitude limited to the anterior end of the hippocampal gyrus; 
some slow activity and diffuse fast rhythms due to the residual effect of Pentothal. 
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2. Slow activity and rapid rhythms. In all litude varied from 50 to 150 wV. and in one 
eases waves of low frequency were observed case it was as high as 250 ,»V. in all leads 
in all examined regions and most notably on This slow activity of theta and delta fre. 
the hippocampal gyrus and the pole (fig. 2, quencies usually appeared in trains and ina 
3, 6, 7, 9). The frequencies were most com- few cases the waves showed a slight initial 
monly between 6 and 4 ¢/sec. and in 8 cases positive deflection of short duration followed 
there were also waves of 3-2 c/see. The amp-_ by the more ample negative slow phase. 


F=0 


ee eC aoe anos RAMON IAI Ret A PLAN OM INII ASN gto WMD aS PO NAP NGA LO rd ee 


o-Cc 
Maem eee al ON PRN LIAL NAN LAN RADA AIPA AeA R AR IAS ANAS AA tance 
ce8 
B-A 
Seer ese sae ee ae ss eee eee on Nav Vat, Fone ee Wea! 
34-%6 
CN a ee a, ee ieee OT ON 
3- 32 


il nN pie ong, il aN pag inn fr cn J iat. lly - 


32- 48% 
LON Gf PINN NIN cI p pne , i pe ta ie oe Ae ge et 


45s- «@ 


rote ated AO tate petite et ge ante ie Sf On Oi TAAL I SO OO ce bie, fia 


VO WW WWW UN OOOD OOF 


4- 20 
eta Nat ABLS Ya, nlp ari POO ret pyran PON ert DP npn Pnpatoi ep pipaatipped Ap fMoratDoontrine wae 
4-0 
wo WLAN ney i a ay “iy We et lyn Ay Monten arte A My ein AL a 
10-16 
ee 


6-22 
AN ey Ay oY ny Vr ly py Wi Sa a ee PI arid ait linearity 


s-11 18@e. |z0ge F 
11-26 
a PAA AWN pn eo Rarer on AL pnd N plore OANA ALAA a eal ray) py mrny Man pany ror tn ty 
Fig. 4 
The same case as figure 3. Recording during an epileptic attack. Seizure discharge at about 
2 ¢/sec. on anterior hippocampal gyrus and posterior part of third temporal convolution; slow 


activity in posterior hippocampal gyrus and temporal pole; no changes of the rhythm in the 
other parts of the lateral surface. 


Rapi 
15-18 ¢, 
90-24 ¢/ 
They w 
higher ¢ 
litude v 
higher ¢ 

s 2 
ileptic s 


Sp 

tio 

am 

(a 

(b. 

(¢) 

in the sa 
with an i 
the elect 
were spre 
homent o 
In an 
was stric 


portion of 


One Rapid sinusoidal rhythms, generally of 
ids. F 15.18 e/sec., and more rarely of 12-14 or 
90-24 c/see., were clearly observed in 16 cases. 
They were more numerous and sometimes 
higher on the hippocampal gyrus. The amp- 
ved F iitude varied from 25-60 pV. and was rarely 
higher or lower. 

3. Recording of epileptic seizures. Ep- 

+s ileptic seizures were recorded 5 times:: twice 
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of spikes with increasing amplitude and with 
diminishing frequency from 5-3 ¢/see. 

The fourth attack was observed during 
voluntary hyperventilation and was clinically 
characterized by loss of consciousness and 
automatic swallowing movements. The elec- 
trical discharge consisted of spikes with a slow 
component and with progressively decreasing 
frequency from 5-1 per sec.; it was at first 


Pa 
/ 
ea 
Fig. 5 
Spikes registered with bipolar leads and with a common electrode before and after administra- 
ss tion of Pentothal in three cases of temporal lobe epilepsy. The calibration of time and 
amplitude are the same for each series of figures. 
(a) Hippocampal gyrus: before (1); after 25 see. (2); 1 min. and 30 see. (3); 2 min. and 
ta 12 sec. (4) from the administration of 150 mg. of Pentothal; (5) 30 see. after other 150 mg. 
(b) Temporal pole: before (1); 15 sec. (2); 35 see. (3) after 200 mg. of Pentothal; after 
further 100 mg. (4); 2 min. later (5); 1 and 1% min. after the preceding (6). 
4 (c) Lateral surface: before (1) and after 20 sec. (2), 40 see. (3), 1 min. and 40 see. (4), 4 
and 4% min, (5) from the rapid injection of 200 mg. of Pentotkal. 
»{in the same patient operated on both sides localized to the anterior part of the hippo- 
with an interval of two months. In this case campal gyrus and after 2 sec. a discharge 
| the electrical seizures, similar in character, also appeared in a circumscribed point on the 
were spread over all areas examined at the lateral surface of the temporal pole (fig. 3 
homent of the attacks. and 4). 
In another patient the seizure discharge In a fifth case an attack occurred during 
was strictly localized to the infero-medial a period of spontaneous drowsiness. The spike 
portion of the temporal pole and was made up discharges were initially localized to the 
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hippocampal convolution and to a circum- 
scribed point of the first temporal gyrus. 
After 20 sec. a discharge also appeared in 
the middle lateral convolution. The spikes of 
this second discharge were not synchronous 
with those of the hippocampal gyrus and 
stopped 10 sec. after the extintion of the 
latter. 


B — Effects of Pentothal on the paroxysmal 
activity (15 cases). 
The effects of rapidly induced barbiturate 
sleep may be distinguished into two groups: 
the immediate and the long-term effects. 
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the spikes also decreased to levels below 50 
to 75 per cent of the original values (fig. 5 
and 8). Complete disappearance of par. 
oxysmal activity was noted in one instance 
on the hippocampal gyrus and in 6 eases in 
the regions of the pole, the fusiform gyrus 
and the lateral convolutions for a period of 
2 min. In 4 eases the characteristics of spike 
amplitude and duration remained unchanged 
on the uncinate gyrus. The slow waves dis- 
appeared on the lateral aspect and the fusi- 
form gyrus in all cases and in almost one half 
of the patients on the hippocampal gyrus, 


for a period of 5 min. or more. 
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Fig. 6 
Right anterior-temporal epileptogenic focus: Recording from the hippocampal gyrus with 
patient awake (upper tracing) and after injection of 200 mg. of Pentothal (lower tracing). 
During barbiturate sleep the discharges appear with intervals of 1-2 sec. and are simultaneous 
with bursts of fast waves. Depression of slow activity is also noticed. (Time and amplitude 


calibration the same for the two records. ) 


The first was observed immediately after 
the injection of Pentothal together with loss 
of consciousness and when the patients were 
not roused by noxious stimuli: it was 


characterized by depression of the epileptic 
activity. The amplitude of the spikes dim- 
inished from 15 to 75 per cent on the hip- 
pocampal gyrus and from 25 to 60 per cent 
in the other regions. 


The total duration of 


The second group of effects was observed 
from one to 3 min. after the injection of the 
drug and generally during the period when 


the amplitude and duration of the spikes had J 


not as yet completely returned to their orig- 
inal values. At this time the patients were 
generally in light or medium deep sleep; 
barbiturate spindles appeared simultaneously 
or just before the changes here described 


ECoG IN TEMPORAL LOBE EPILEPSY 


bee me YY 
33-35 | 
Pane Haves Me eee 
35-36 
36 -44 
44-46 
tse, [300 a 


TT 


Dc ccnsadnnetieiciasl dese acat eset tiaiieiicl a, nsiiccb nial 


Fig. 7 
Right anterior temporal epileptogenic focus; patient awake. Upper tracing; recording from 
hippocampal gyrus and temporal pole: frequent discharges of spikes and sharp waves from 
anterior hyppocampal gyrus (electrode B) and random spikes on temporal pole asynchronous 
with that of the hippocampal gyrus. Lower tracing; transverse leads from hippocampal gyrus 
to lateral surface: spikes and sharp waves from anterior hippocampal gyrus (electrode B) and 
asynchronous spikes from lateral surface (electrodes indicated with numbers). Time and 
amplitude calibration the same for the two records. 
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Fig. 8 


Same case of the fig. 7, during barbiturate sleep. Upper tracing, 1 min. after the injection 
of 150 mg. of Pentothal; depression of slow activity and spikes on hippocampal gyrus (elec- 
trodes indicated with letters); barbiturate spindles are seen on temporal pole (electrodes 
indicated with numbers). Lower tracing, 40 sec. after the upper one: synchronous spike 
discharges on hippocampal gyrus and temporal pole with reciprocal intervals of about 1-2 see. 
(Calibration of time and amplitude the same for the two records. ) 
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Fig. 9 
Right anterior temporal epileptogenic focus; patient awake. Recording from hippocampal 
gyrus (letters), pole, basal and lateral surface (numbers) of the temporai lobe: hight amplitude 
spike activity from posterior hippocampal gyrus. 


PIERO ROVETTA 


532 


(fig. 8). The main phenomena noted in this The number of the spikes was observed 


phase were: the increase in number per unit 
time of the spikes, the synchrony between the gyrus, in 5 patients in the region of the pole 
discharges from different leads, the period- and in 2 of these also in the suprasylvian 
icity of the discharges. opercular region. In one case only an in. 
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Fig. 10 
Same case and same leads of fig. 9 during spontaneous sleep. Synchronous spike discharges 
on all leads. Inhibition of epileptic activity when the patient is roused (indicated by the 


arrow). 
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ease In the number of spikes was observed synchronous with those from the uncinate 


| from the lateral convolutions. gyrus. In 2 cases synchronous volleys were 


In the same patients in which augmenta- also observed during spontaneous sleep (fig. 
tion of the discharges occurred, the spikes 4 and 10). 
from the pole and lateral convolutions were The periodic appearance of the spikes was 
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Fig. 11 


Same ease and same leads of fig. 9 and 10, during barbiturate sleep. Synchronous discharges 
of spikes of about 1 sec. ‘utervals, simultaneous with barbiturate spindles. 
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noted in 5 eases simultaneously on both the 
hippocampal gyrus and the lateral aspect of 
the lobe, and in two other cases only on the 
temporal tip. The discharges occurred at 
relatively regular intervals of 1-3 sec. (fig. 6, 
8 and 11). The time interval between two 
successive discharges was not constant, but 
the duration was longer during deeper sleep; 
it tended to become shorter when the patient 
began to awaken until the disappearance of 
periodicity. As may be observed from fig. 6 
and 8, the amplitude of paroxysmal potentials 
is less in discharges with shorter intervals, 
while it increases when the interval between 


two successive volleys is longer. In one case_ 


in which periodic bursts appeared during 
spontaneous drowsiness with reciprocal inter- 
vals of 1-2 sec., the intervals increased to 
15 see. after the injection of 200 mg. of Pento- 
thal. 


Both the synchrony and the periodicity of 
the spikes lasted in almost all:cases from two 
minutes up to 10 min. 


DISCUSSION 


In the great majority of our cases (89 
per cent) the maximal degree of interseizure 
paroxysmal activity was recorded from the 
hippocampal gyrus. This finding is similar 
to that of Kendrick and Gibbs (1957) but 
is much higher than that determined by 
Jasper, Pertuisset and Flanigin (1951) and 
by Gastaut et al. (1953). This result tends to 
demonstrate that the hippocampal gyrus is 
more frequently involved than the other zones 
of the temporal lobe. 


The lack of synchronous appearance of 
spikes from the region of the pole and the 
other areas of the temporal lobe in relation to 
those from the uncinate gyrus, which we so 
often observed, was also frequently en- 
countered by Gastaut et al. (Paillas and Gas- 
taut 1950; Gastaut et al. 1953). The same 
lack of temporal relationships between the 
discharges recorded from the lateral surface 
of the temporal lobe and those from the deep 
structures were observed by Brazier et al. 
(1954 and 1956) in relation to the amygdaloid 
region, and by Kellaway (1956) and Kajtor 
et al. (1957) in relation to the hippocampus. 
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Penfield and Jasper (1954) also occasionally 
noted changes in the characteristics of the 
form and appearance of the spikes from the 
anterior and posterior portions of the un- 
cinate gyrus. 


Our cases which demonstrate, during a 
clinical attack, epileptic discharges circum. 
scribed to some areas which may not be ac- 
cessible to the usual electroencephalographic 
methods, can explain the not infrequent ob- 
servation that the epileptic activity from the 
sealp EEG may disappear during or at the 
beginning of an attack (Jasper and Daly 
1947; Hill 1949). This explanation agrees 
with that of Gastaut et al. (1953) but differs 
from the interpretation of Mazars (1950) who 
on the contrary attributes the phenomenon to 
the small amplitude of the cortical convulsive 
activity. 

The first effect resulting from the rapid 
injection of Pentothal is the depression of the 
paroxysmal activity in all cortical regions 
examined, but in some eases it was of a lesser 
degree in the hippocampal convolution. 


Considering the fact that barbiturates have 
the capacity to depress the synaptic trans- 
mission of the impulses electively (Larabée 
and Posternak 1952) one could be lead to de- 
duce that the discharges which are most 
deeply affected by these drugs are evoked 
discharges which pass through a polysynaptic 
system. In 8 cases we have observed, more- 


over, the persistence of spikes strictly local- f 


ized in the anterior part of the hippocampal 
convolution even during surgical anesthesia 
with Pentothal and nitrous oxide (Rovetta 
and Suriani 1956) simultaneously with de- 
pression of the discharges in all other regions 
including the posterior part of the uncinate 
gyrus. In epileptic animals too anesthesia has 
the effect to restrict the discharges of 4 
seizure to the zone of the cortical experimental 
foeus (Ward, McCulloch and Kopeloff 1948): 
this similarity makes us think that also i 
some of our cases the primary epileptogenic 
focus was situated in the cortical firing region. 
However, in other cases the origin of the 
paroxysmal discharges remains doubtful. 
The slow waves of 6-4 and as low as 2 
e/see. of small and medium amplitude ob- 
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served in our tracings show the character of 
paroxysmal activity. These appear especially 
in the regions of the hippocampal gyrus and 
the temporal pole and they are strongly de- 
pressed by barbiturates. Apparently they are 
scantly summated potentials evoked by dlis- 
charges of deep origin. Chatrian (1953) also 
made similar observations in this regard and 
gave a Similar explanation. 


Besides depression of the paroxysmal 
activity, we must consider, among the effects 
of Pentothal, others which occur later and 
these are: (@) increase in the number of the 
discharges; (b) appearance or increase of 
synchronous discharges in different points on 
the temporal cortex; (c) the possibility of 
periodic appearance of spike discharges both 
in a synehronous manner in various regions of 
the lobe (uncinate gyrus, pole and lateral sur- 
face) or limited to one of these areas. 


These three effects will be considered to- 
gether. Most investigators are of the opinion 
that the occurrence of focal spikes in the 
scalp EEG in epileptic patients during in- 
duced sleep is due to this state and not to 
the action of the administered drugs (Fuster, 
Gibbs and Gibbs 1948; Fuster 1951). It has 
also been observed that during barbiturate 
sleep occasionally there may be a diffusion of 
the discharges to the hemisphere contralateral 
to the focus (Pampiglione and Kerridge 
1956). Pampiglione (1953) observed that 
during electrocorticographie registrations also 
there was an increase in the spikes after the 
administration of Pentothal in 5 out of 10 sub- 
jects. Recently Kajtor et al. (1957) recorded 
simultaneously from the lateral surface of the 
temporal lobe and from the ventricular aspect 
of Ammon’s horn through an incision of the 
second lateral convolution. The authors found 
that light sleep and drowsiness induced by 
Evipan intensely activated spike discharges 
in the hippocampus, while deep sleep in- 
creased the paroxysmal activity in the tem- 
poral neocortex and at the same time sup- 
pressed the spikes in the hippocampus. 

The periodic character of the spike dis- 
charges during barbiturate sleep in cases of 
temporal lobe epilepsy observed by us re- 
sembles, in some respect, the bursts of cortical 
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potentials evoked by afferent stimuli or by 
application of strychnine on the cortex of 
anesthetized cats and in ‘‘encéphale isolé’’ 
preparations (Moruzzi et al. 1950). It is sug- 
gested that this periodicity is due to cyclic 
modifications of the neural excitability, com- 
monly observed in some phases of the sleep, 
in relation to the elimination of the ascending 
influence of the brain stem reticular activat- 
ing system. This hypothesis is based on the 
following facts: 


(1) the intermittent epileptic spikes ap- 
pear in that phase of induced sleep in which. 
the appearance of spindle bursts is usually 
observed ; 


(2) simultaneous with the convulsive 
spikes there appear trains of rapid waves of 
medium amplitude strictly due to sleep; 


(3) the intervals between successive dis- 
charges have a duration similar to that ob- 
served in experimental conditions (generally 
from 1 to 3 see.). 

Because the ECoGs where taken only from 
areas of one temporal lobe, one could think 
that the described changes of barbiturate sleep 
records were more diffused and also that 
they for a great part, could be made of 
spontaneous potentials of deep narcosis (spon- 
taneous K complexes). However, we showed 
that the paroxysmal spike potentials during 
barbiturate sleep were similar to that re- 
corded during spontaneous sleep and the only 
contamination of the records were the spindle 
bursts which occurred simultaneously with 
the epileptiform spikes. This paroxysmal 
activity was observed in phases of light or 
medium deep sleep as is proved by the clinical 
state of the patients, by the presence of 
spindles in the records and by the short in- 
tervals between bursts. On the other hand 
the doses of Pentothal were equal to that used 
for preoperative EEG in which the discharges 
were confined, during sleep, to the temporal 
lobe. 

We also observed that the intervals be- 
tween the periodic discharges decreased with 
the diminishing of the barbiturate effect and 
that the amplitude of the spikes of each dis- 
charge was higher or lower (fig. 6 and 8) 
according to the lenght of the reciprocal in- 
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tervals. This last phenomenon makes us 
suppose that at equal levels of anesthesia 
there is an optimum lapse of time between the 
discharges so that the epileptic potential ac- 
quires its greatest amplitude as is suggested 
by Gastaut et al. (1951) on the variations of 
eyelie excitability of the central nervous sys- 
tem under the influence of depressive sub- 
stances. Recent researches of Brookhart and 
Zanchetti (see Zanchetti 1957) show, however, 
that the amplitude of the pyramidal responses 
to ecortically applied stimuli during sleep 
spindles, changes according to the phase of the 
spindle potential at which the stimulus is 
induced. 


The so-called epileptic sleep activation, 
eharacterized by the increase of seizure dis- 
charges, by their higher degree of synchrony 
and by their periodicity, may be considered 
therefore to be due to the effect of cyclic 
variations of the neuronic cortical and sub- 
cortical excitability. 


Also the concept of Brazier (1955) on the 
disruption during sleep of a homeostatic reg- 
ulation on the convulsive activity as cause 
of the increase of the spike discharges, may 
be taken into account. According to this con- 
cept, sleep would abolish the autoregulative 
activity of a cortico-reticulo-cortical system 
which in turn is activated by the same cor- 
tical discharges. 

The hypothesis of Fuster (1953), who con- 
siders the phenomenon of sleep facilitation as 
a result of the synchrony of the cortical 
activity, is not definitively in contrast with 
our concept. In fact if the cortical effect of 
sleep is considered as part of a general mod- 
ification of the basic excitability of the brain, 
and not as an individual peculiarity of the 
cortex, the difference between the Fuster’s 
hypothesis and our own is more appearant 
than real. 


SUMMARY 


1. In 18 cases of temporal lobe epilepsy 
electrocorticographic examinations were made 
with indwelling electrodes on the surface of 
the whole temporal lobe, which were left in 
place from 24 to 48 hours. Records were made 


with patients awake, under light or medium. 
deep barbiturate sleep and during surgical 
anesthesia. 


2. At rest, maximum seizure activity was 
recorded in the majority of the cases (89 per 
cent) from the hippocampal gyrus and espe- 
cially from its anterior part. Paroxysmal 
activity occurred also in other areas of the 
temporal lobe, especially in the pole, but 
generally it was less marked than in the hip- 
pocampal gyrus. Asynechronism between the 
discharges from the uncinate gyrus and the 
other temporal regions was commonly ob- 
served. 


3. The effects of rapidly induced barbi- 
turate sleep consist in an early depression of 
the convulsive activity followed by an in- 
crease in the appearance of spikes and by 
their synchronous diffusion to different areas 
of the lobe. These discharges may appear as 
relatively periodical bursts. 


4. Changes in the convulsive activity dur- 
ing sleep, commonly called ‘‘activation’’, are 
discussed. 


RESUME 


1. Chez 18 cas d’épilepsie du lobe tem- 
poral des examens électrocorticographiques 
furent réalisés par des électrodes implantées 
sur la surface de tout le lobe temporal et 
laissées sur place de 24 a 48 heures. Des en- 
registrements étaient pratiqués avee les ma- 
lades éveillés ou en sommeil barbiturique 
léger ou modérément profond, et sous 1’effet 
d’anesthésie chirurgicale. 

2. Au repos l’activité eritique maxima 
était enregistrée dans la majorité des cas 
(89 pour cent) dans la ecireconvolution de 
l’hippocampe, plus particuliérement dans sa 
partie antérieure. L’activité paroxystique se 
voyait aussi dans d’autres régions du_ lobe 
temporal, en particulier le pole, mais, en 
gvénéral, elle était moins marquée que dans 
la région de la ecireonvolution de l’hippo- 
eampe. [1 était courant d’observer de |’asyn- 
chronisme entre les décharges de l’uneus de 
l’hippocampe et des autres régions temporales. 


3. Les effets du sommeil barbiturique 
léger ou modérément profond, rapidement 
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induit, consistent en une dépression précoce 
de l’activité convulsivante, suivie d’une aug- 
mentation dans l’apparition des pointes et par 
leur diffusion synehrone a des régions dif- 
férentes du lobe. Ces décharges peuvent pa- 
raitre sous forme de bouffées relativement pé- 
riodique. 

4. On discute les altérations de l’activité 
econvulsivante pendant le sommeil, appelées 
couramment « activation ». 


ZUSAMMENFASSUNG 


1. In 18 Fallen von Schlafenlappenepilep- 
sie wurden elektrokortikographische Unter- 
suchungen mit implantierten LElektroden 
ausseftihrt. Die Elektroden waren tber die 
ganze Oberfliche des Schlafenlappens ver- 
teilt und wurden fiir 24 bis 48 Stunden 
in situ gelassen. Das Hirnstrombild wurde 
sowohl am wachen Patienten aufgenommen 
als auch unter leichtem oder mitteltiefem 
Barbituratschlaf und unter chirurgischer 
Vollnarkose. 

2. Im Ruhezustand wurde in der Mehrheit 
der Falle (89 Prozent) das Maximum der 
Krampfaktivitét im Gyrus hippocampi und 
speziell in seinem vordersten Abschnitt 
aufgezeichnet. Paroxysmale Aktivitat ereig- 
nete sich auch in anderen Arealen des Schla- 
fenlappens, speziell im Temporalpol, aber im 
alleemeinen war die Aktivitat dort weniger 
hervorstechend als im Gyrus hippocampi. Ein 
Fehlen von Synehronisierung der Entla- 
dungen zwischen Gyrus hippocampi und an- 
deren Regionen des Schlafenlappens war eine 
haufige Beobachtung. 

3. Der Effekt von rasch induziertem, 
leichtem oder mitteltiefem Barbituratschlaf 
bestand in einer friihen Depression der 
Krampfaktivitat, welche von einer erneuten 
Zunahme im Auftreten von Spitzenentladun- 
gen, gefolet wurde, wobei diese sich in syn- 
chroner Weise iiber verschiedene Gegenden 
des Schlafenlappens verteilten. Diese Entla- 
dungen erschienen manchmal in der Form 
von ziemlich periodischen, gruppierten Po- 
tentialen. 

4. Gewisse im allgemeinen als Aktivierung 
bezeichnete Verinderungen der Krampfak- 
tivitat im Schlaf werden besprochen. 
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ANALYSIS OF CEREBRAL RESPONSES TO FLICKER 


IN PATIENTS COMPLAINING OF EPISODIC HEADACHE 
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INTRODUCTION 


Observation of routine clinical recording 
during photie stimulation led to an impression 
that a large proportion of subjects who re- 
sponded predominantly at high stimulus fre- 
quencies with a simple form of response (i.e. 
a fundamental and harmonic ‘‘following’’ re- 
sponse (Walter and Walter 1949) as opposed 
to subharmonic and paroxysmal discharges), 
were those complaining of headache. The lit- 
erature showed no specific investigation of 
the relationship between headache and flicker 
response though Ulett (1953) and Shagass 
(1954) made studies of flicker responses and 
their association with anxiety states. Sub- 
sidiary material of other studies suggested 
a possible correlation and the observation of 
Mundy-Castle (1953) may be relevant; he 
mentions that ‘‘ European adults describing 
episodic behaviour disturbances, migraine and 
headaches’’ showed considerably greater mean 
response amplitudes to photie stimulation over 
the range of 8 to 26 f/see. than all the other 
types of cases studied in his survey. The ap- 
parent association between a complaint of 
headache and an extended flicker response 
prompted further investigation into the de- 
tails of the evoked activity and the clinical 
state of the patients, particularly those con- 
sidered to be suffering from headaches of the 
migrainous type. 


METHOD 


The light source was a Scophony electronic 
stroboscope, giving flashes of blue-white xenon 
light with a time constant of 15 psec. The 
frequency could be varied from 3.5 to 25 
flashes per see. without change in duration or 
brilliance and to 100 f/see. at a reduced inten- 
sity. The peak intensity of the flash was about 
88,000 candles. An improved wave analyser 
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Walter Mark II was used in all investigations. 
The technique of stimulation was simplified 
as much as possible in order to ensure uni- 
formity of conditions, economy of time and 
clarity of statistical analysis. The lamp was 
stationed about 5 em. from the subject’s nose 
so that the whole visual field would be illu- 
minated. 

Preliminary trials suggested that a rep- 
etitive flash rate range of 6 to 24 f/see. would 
be sufficient in the great majority of cases. 
Each flash rate was given for a 10 see. period. 
Beginning at 6 f/see. the flash rate was in- 
ereased after 10 see. by 2 f/see. to 8 f/see., 
which was maintained for another period of 
10 sec., after which it was increased by another 
step of 2 f/sec. and so on until the whole range 
was covered in ten steps. This provided con- 
tinuous stimulation throughout the range and 
a full epoch of analysis at each rate. 

In some of the preliminary studies it was 
noticed that short periods of stimulation were 
hable to evoke a large response for a second 
or two, which then declined to a very low level. 
A similar effect is found in certain types of 
epileptic patient where abnormal discharges 
may be evoked only at the onset of sudden 
stimuli. It is likely that mechanisms of sen- 
sory adaptation and central habituation come 
into play with ‘‘surprise’’ stimulation and for 
the purpose of this particular experiment they 
would be confusing. The method of continuous 
stimulation with unobtrusive frequency was 
used as a compromise to cover the range of 
frequencies without introducing the provoea- 
tive effect of sudden changes of rate (fig. 1). 

The stepping of the flash rates was done 
by hand in the preliminary trials, but a ‘‘step 
frequency’’ switch, designed by Mr. W. War- 
ren, was incorporated in the wave analyser 


for later studies. The cireuit (fig. 2) is a 
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blocking oscillator with a selector switch (SI) 
in the grid circuit. This switch progressively 
changes the resistance of the grid time-con- 
stant, hence the frequency of oscillation. The 
energising coil (CI) of the selector switch 
receives its energising pulse from the 50 pF 
capacitor via a pair of contacts (S2) on the 
epoch change-over switch in the analyser, thus 


F. L. GOLLA and A. L. WINTER 


to exactly that of its corresponding resonator 
in the analyser. 

The setting is achieved quite easily in the 
following way: it is customary to monitor the 
stimulus by recording the output of a barrier 
layer selenium cell placed in the path of the 
light, on one channel of the EEG recorder. If 
the monitor channel is now analysed the fre- 
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Fig. 1 
A record of a typical ‘‘following’’ response to photie stimulation with analysis of channel 4. 
The response to 16 f/see. can be seen in the last part of the epoch shown in the left 


of the figure, while the complete epoch shows the response to 18 f/see. 


The paper speed 


is 1.5 em/sec. and although the primary response is perhaps a little difficult to see at 


this speed the analysis is more easily read than at higher paper speeds. 


N.B. No break in 


the stimulation can be observed during the change from 16 to 18 f/see. between the two epochs. 


changing the frequency of oscillation of the 
blocking oscillator every 10 see. This ‘‘step 
frequency’’ switch has two main advantages: 
(1) each flash rate is presented for exactly 
10 see. by the operation of the analyser change- 
over switch and each flicker period is thus 
coincident with an analyser epoch and, (2) 
the flash rate of each flicker period can be set 


quency of the stimulus will be shown by the 
analyser. Each stimulus frequency may now 
be adjusted by means of its appropriate con- 
trol on the ‘‘step frequency’’ switch to match 
the frequency of the respective analyser re- 
sonator. There is one control for each fre- 
queney, i.e. one control for 6 f/see., one for 
8 f/see. and so on to 24 f/see., and each of 
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these controls is set in turn to give the maxi- 
mum response as measured by the analyser. 
For example, with the ‘‘step frequency’’ 
switch at 6 f/see. and the monitor channel 
being analysed, the 6 f/sec. frequency control 
on the ‘‘step frequency’’ switch is adjusted 
to give a maximum deflection at 6 ¢/sec. as 
indicated by the analyser with the 5 and 7 
e/see. responses of the analyser evenly pro- 
portioned on each side; the 6 f/sec. stimulus 
is then known to be tuned to exactly the same 
frequency as the 6 ¢c/sec. resonator of the 
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the stimulation generally reduced the ampli- 
tude of the alpha activity. The evoked re- 
sponses are often smaller in amplitude than 
the mean level of intrinsic activity and it is 
necessary to set the analyser gain high enough 
to provide measureable deflections over the 
whole range of stimulus frequencies. In this 
way, full advantage can be taken of the resolu- 
tion of the frequency analyser, which permits 
accurate measurement of the abundance of 
components at steady frequencies even when 
these are masked by larger components in the 
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Fig. 2 


The cireuit of the stepped flash frequency generator. 


Switch S1, CI is operated from the 


change-over contacts S2 which are in the frequency analyser, at the end of each epoch. The 
5K controls are adjusted so that the flash frequencies match those of the analyser. 


analyser. This procedure ensures a constant 
and strict correspondence of frequency be- 
tween the stimulating and recording devices. 

Prior to photic stimulation in each case 
the gain of the analyser was adjusted so as 
just to indicate the mean level of the sponta- 
neous components in the EEG over the fre- 
quency range concerned. Since stimulation 
was performed with the eyes closed, this ad- 
justment often resulted in the alpha com- 
ponents being represented by full scale an- 
alyser deflections. This does not interfere 
with analysis of the evoked responses since 


, 


primary records. In many of the cases in this 
series the evoked response could not be iden- 
tified at all in the primary records, even when 
these were taken at a high paper speed, and 
in none of them could the response be mea- 
sured without analysis. The term abundance 
is used to describe the amplitude of the an- 
alyser deflections (Walter and Shipton 1957) ; 
these have the dimensions of signal amplitude, 
duration and frequency but it seems desirable 
at this stage to avoid the explicit terms 
‘fenergy’’ and ‘‘power’’ and the ambiguous 
ones ‘‘activity’’ and ‘‘intensity’’. 


In each ease a short preliminary trial of 
the effect of flicker was made to discover 
which hemisphere gave the greater response 
and the analyser was then switched to the 
temporo-occipital channel on that side. Pre- 
liminary observations did not disclose any 
significant relation between the laterality of 
the response and that of the headache or other 
complaint. The automatic stepping switch was 


WEA MN AN ie ll hh 


PO oe Re 


oe a OW Mn ee wit! Ane NM uae 


‘ 


Ae Ar MR tat Yh ped NN ine ln aw 


6 “e id 12 fe 16 18 SO 22 24% 


F. L. GOLLA and A. L. WINTER 


measurements to be made for each subject 
(fig. 3). These measurements taken together 
provide the flicker response spectrum for each 
patient as a histogram and can be plotted as 
a simple graph of abundance against fre- 
quency. This curve does not however facilitate 
comparison between patients since the ab- 
solute levels vary from subject to subject be- 
cause of intrinsic differences and adjustments 
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Fig. 3 


Two sets of analyses composed of ten epochs of analysis in each case. The one on the left 
is from a subject with a migrainous headache and the one on the right a control subject. 
The histograms obtained in this way form the raw measure from which the normalised curves 


are drawn. 


then set to initiate and the sequence of flicker 
frequencies was gone through. 


The final result was a set of ten epochs 
of analysis ; each epoch contained the spectrum 
of intrinsic activity together with that of the 
response evoked by the corresponding flicker. 
In each of these epochs only the abundance at 
the fundamental stimulus frequency was con- 
sidered. There were therefore only ten simple 


of analyser gain. To make the curves from dif- 
ferent patients comparable, they were ‘‘nor- 
malised’’ by multiplying each ordinate by a 
factor to bring the maximum abundance in 
the alpha band to a figure of 100 arbitrary 
units (fig. 4). 

There is no particular theoretical justifica- 
tion for using the peak abundance in the alpha 
band as a datum mark, but empirically this 
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procedure seems to give the clearest distinc- 
tion between response characters in the clin- 
ical groups here considered. 


SUBJECT MATERIAL 


As a control population, 50 subjects with 
no complaint of headache were examined by 
the above method. Of these, 35 were normal 
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The full lines in the top figures are normalised re- 
sponse curve of subjects with migraine. The thick 
one represents the mean of a number of such curves 
and the thin one is the normalised curve of the 
migraine subject shown in figure 3. 

The thick broken line in the bottom figure is the mean 
of a number of normalised curves of normal subjects 
and the thin broken line is of the normal subject in 
figure 3. 


people in the sense that they had never sought 
advice for a neuro-psychiatric ailment, and 
15 were epileptic patients. 

One hundred and fifteen patients com- 
plaining of headache were examined, some 
many times, in the same way as the control 
group. These patients were drawn from the 
outpatient clinic of the Burden Neurological 
Institute. All were suffering from episodic 
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severe headaches, associated with one or more 
of the following symptoms: (1) nausea with 
or without vomiting, (2) visual disturbances, 
(3) paraesthesia. In some cases, no aetio- 
logical factor could be found. One could call 
these cases idiopathic migraine. In others the 
headaches followed head injury or were asso- 
ciated with epilepsy and could therefore be 
called symptomatic. 


RESULTS 


A striking difference was observed be- 
tween the analysis of the flicker responses of 
the patients with headaches and those of the 
subjects without this complaint. Of the 50 
controls, 42 showed either no response or a 
fundamental following response to flash rates 
between 6 and 14 per sec. Two of these 42 
cases showed an additional response to flash 
rates between 16 and 20 f/see. The range 
of stimulus rates at which a response was 
obtained in the migraine subjects was con- 
siderably wider than in the controls, extending 
to 18 f/see. and in some eases to 30 f/see. 
In 5 eases a response was obtained at 45 f/sec. 
and in 2 of these at 60 f/see. In 3 of the 
cases during at least one of their many re- 
cordings, myoclonic discharges were evoked 
and the examination was stopped before the 
test could be completed. However, in 2 of 
these 3 cases a response curve was obtained 
at a time when myoclonic discharges were not 
evoked and these were included in the results. 
Typical response curves of a control subject 
and a migrainous headache subject are shown 
in figures 3 and 4. 


By superimposing an equal number of 
both types of curves, the mean difference be- 
tween them could be discerned by inspection. 
As explained above, the shape and relative 
proportions of the response curves are em- 
phasised at the expense of the absolute 
abundance of the responses by the process of 
normalisation. An example of the results ob- 
tained in this way is shown in figure 5 in 
which 16 normal and 16 headache curves are 
superimposed. 


It can be seen from this that all the curves 
follow the same general trend up to about 
14 f/sec. then the broken lines separate from 
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Thirty-two frequency response curves superimposed. Sixteen of them, indicated by thick lines, 
are of subjects with migrainous headache and the sixteen curves represented by the broken 
line are from control subjects. Note the general separation of the dotted curves from the full 


ones from about 14 ¢/see. 
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Fig. 6 


Three distinct types of response curves as established in this investigation. The normal ‘‘N’’, 
migrainous ‘‘H’’ and a third type ‘‘A’’. The points at which measurements are made to 
form the criteria are at ‘‘r’’, ‘‘t’’ and ‘‘s’’. 
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the full ones. Two main classes of response 
curve emerge from this observation (a) that 
in which the response is maintained con- 
tinously above 14 f/see. (H, fig. 6) and (bd) 
the response curve of the normals which falls 
away above about 14 f/sec. (N, fig. 6). Two 
of the curves shown in figure 5 behave a little 
differently from the others as they show a 
second distinct peak of response at a fre- 
quency higher than 14 f/sec., thus producing 
a trough in the curve at about 14-16 f/see. 
(A, fig. 6). These two examples were in the 
control group and represent a small but quite 
definite class of response. 


Having established the three types of re- 
sponse curve by graphic presentation it seem- 
ed desirable to devise a simple means of deter- 
mining to which group a response belonged 
by direct inspection of the frequency analysis, 
thus eliminating the need for plotting graphs 
in every Case. 

Comparison of the ratio of the response 
abundance at different frequencies provides a 
suitable test. The points on the curve at which 
the abundance of the responses were to be com- 
pared were chosen empirically. It was found 
that three points, from which two ratios were 
formed, were sufficient to provide criteria for 
a good separation of the curves into their 
respective groups. The points were (a) at 
the frequency of the peak response in the 
alpha band (‘‘r’’ fig. 6); (b) at 18 f/see. 
(‘‘s’’ fie. 6), and (c) at the trough, if any, 
between the other points (‘‘t’’ fig. 6). 

The response at 18 f/seec. compared with 
that at the peak gave one ratio, the purpose 
of which was to separate groups A and H 
from group N (fig. 6). The second ratio, 
formed by the comparison of the response at 
the trough with the response at 18 f/sec., 
separated group H from group A. From con- 
sideration of superimposed curves in the form 
shown in figure 5 the following ratio values 
were found to give the best eriteria of dis- 
crimination. The ratio value of 


the response at 18 f/see. 


1, for 
‘ the peak response 


cave a good separation of type 
"'N’? from types ‘‘A’’ and ‘‘H’’ 
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i.e, this ration > 14 would signify an ’’A”’ 
or ‘‘H’’ type. 

In the second ratio 
the response at the trough 


a value of 14 gave 
the response at 18 f/see. 72 & 


the best result i.e. a value of > 14 would in- 
dicate an ‘‘H”’ type. 


It can be seen that to satisfy the criteria 
for an ‘‘H’’ type of frequency response, a 
curve must be continuous up to at least 
18 f/see. with little or no trough in the middle. 

With this method of identifying the dif- 
ferent types of frequency response, all the 
curves were re-examined using the above eri- 
teria to obtain a statistical analysis of the 
association of the type of response curve with 


TABLE I 


In the control group of normal and epileptic subjects, 
16 per cent gave an ‘‘H’’ response 


cé A i] 
or *‘N?? “3? 
Response Response Total 
i 6 35 
Eotiemic . & «wae 2 15 
Total Controls ... ... ... 42 8 50 


In the headache group, 96 per cent showed an ‘‘H’’ 


response 
ce A 9) 

or ‘‘N”’? ‘cH? 

Response Response Total 
Headache 
Subiotts .... oo 116 163 
Grand total... 5 108 113 

x2 = 107 P>10-6 


the clinical picture (table I). For the pur- 
pose of this analysis the small ‘‘A’’ group 
which appeared in the control series was ac- 
cepted as an ‘‘N”’ variation because there 
was no clinical evidence of specific abnormal- 
ity in it. The responses of the 15 epileptic 
patients in the control group were similar to 
those of the normal subjects. The table shows 
that, by the chi-squared test of contingency, 
the association between the ‘‘H’’ type re- 
sponse curve and complaint of headache is 
extremely unlikely to be due to chance. 


Most of the patients in this series were 
examined several times, both before and after 
medical treatment. In many eases administra- 
tion of the usual drugs such as carbachol and 
dihydro-ergotamine provided considerable re- 
lief, and a number of them were completely 
free from headaches for periods of over 6 
months, but in none of these cases did the 
‘‘H’’ type frequency response curve alter sig- 
nificantly. On several occasions it was pos- 
sible to conduct the test during a headache 
attack, but again there was no significant 
change in the frequency response curve. 


On the other hand, in two patients the 


‘‘H’’ type curve was converted into a normal © 


one for several hours after a procaine block 
of the cervical sympathetic system with the 
production of a Horner’s syndrome. In these 
two cases temporary symptomatic relief was 
claimed by the patients. 


One of these cases was submitted to cer- 
vical sympathectomy with resection of the 
superior cervical ganglion on the same side 
as that on which procaine injection had suc- 
cessfully abolished the effect. The operation 
was followed by a permanent Horner syn- 
drome and there was relief from pain for some 
months, but the complaint returned and the 
‘‘H’’ type response persisted throughout. In 
this case there was a history of cranial frac- 
ture. 

In some three other fracture cases the mi- 
graine headache is localised to the fracture 
area. In one such old standing fracture case, 
migraine with or without epileptic discharge 
can be readily evoked by pressure due to a 
tight collar. All the post-traumatic cases with 
migraine evidenced undoubted psychological 
disturbance resembling that noted so fre- 
quently after cerebral commotion. 

Since this survey was completed, a few 
patients complaining of paraesthesia of the 
face or upper extremities, together with a mi- 
grainous type of visual disturbance have been 
found to have a ‘‘H’’ type response curve al- 
though they denied ever having suffered from 
headache. Responses of the ‘‘H’’ type have 
also been found in two patients described as 
suffering from ‘‘abdominal migraine’’, with 
episodic attacks of severe abdominal pain fol- 
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lowed by vomiting without apparent organic 
cause. Patients with pain referred to the 
trigemial nerve distribution do not show ‘‘H” 
type response curves. 


DISCUSSION 


A complaint of headache is one of the 
commonest causes of referral to a neurological 
clinic, but the relation of this complaint to 
other clinical features is sometimes obscure, 
All cases in this series complained of vomiting 
or visual disturbance or paraesthesia. This 
suggests involvement of some part of the 
nervous system as opposed to the intracranial 
structures presumed to be directly responsible 
for the pain referred to the head. The persis- 
tence of the ‘‘H’’ type frequency response 
curve even when the attacks were relieved by 
medication suggests that the peculiar response 
to flicker and headache have a common souree; 
the dependence of both on the integrity of the 
cervical sympathetic chain seems to implicate 
this section of the autonomic system in both 
effects. This inference is reasonable on other 
grounds; in all the cases there was clinical 
evidence of autonomic disturbance during the 
attacks and in some there were signs of in- 
stability even between attacks. The inclusion 
in the group of patients with ‘‘H’’ type re- 
sponse curves, of several with a history of head 
injury may throw light on the mechanism 
involved ; in these, as is common in post trau- 
matic headaches, there was usually a marked 
exacerbation of the pain when the head was 
lowered, as in stooping. This effect suggest 
that the cardio-vascular homeostatic mecha- 
nism activated by changes in cranial blood 
pressure, presumably by way of the sino-aortic 
baro-receptors, are operating through an ef- 
fector system which includes or affects the 
intracranial algesic structures. The relation 
of these mechanisms to cerebral activity as 
indicated by the flicker frequeney response 
curves is still to be investigated. It should be 
recalled that Nakao, Ballin and_ Gellhorn 
(1956) obtained experimental evidence that, 
in cats, baro-receptor reflexes exert a homeo- 
static influence on the activity of the cerebral 
cortex; the peculiar effects of adrenaline and 
nor-adrenaline and of acetylcholine on in 
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trinsic electro-cortical rhythms were reduced 
or abolished by sino-aortic denervation. This 
may well be related to the observation re- 
ported here on the results of cervical sympa- 
thetic blocking in two eases. On the other 
hand the persistence of the ‘‘H’’ type re- 
sponse curve during exhibition of the anti- 
sympatho-mimetic drug ergotamine suggests 
that the cerebral disturbance is not due 
directly to the action of adrenergic com- 
pounds, and it seems more likely that 
the intracranial barostatic processes are 
inculpated. 

Experiments are now in _ progress to 
analyse in more detail the spatial distribution 
of the evoked potentials in these cases; with 
the aid of a two-channel analyser and topo- 
scope it should be possible to decide whether 
the peculiar response to flicker at high fre- 
quencies is due to activation of the same brain 
structures as are responsible for the normal 
responses at lower frequencies, or to the re- 
cruitment of others. There is some evidence 
that, as in the animals studied by Nakao, 
Ballin and Gellhorn, the unusual activity at 
higher frequencies would suggest participa- 
tion of the reticulo-thalamie structures rather 
than merely the specific projection pathways. 
Measurement of the critical frequency for 
flicker fusion might also be instructive. 

The significance of postural change is also 
being studied with the use of a tilt-table and 
polygraphie recording of the relevant auto- 
nomic and somatie variables. Estimates of the 
eatechol amine levels in blood and urine of 
these patients should also be of value in 
establishing the relationship between the elec- 
tro-cerebral disturbanee, the clinical com- 
plaint and the autonomie equilibrium. 


SUMMARY 


1. Frequency analyses of electroencephalo- 
grams from 50 subjects with no clinical com- 
plaint of headache and 113 suffering from 
episodic headache provide statistically sig- 
nificant evidence of a specific response spec- 
trum to stimulation by flickering light in pa- 
tients complaining of severe episodic head- 
aches with associated nausea, vomiting and 
visual disturbances, or paraesthesia. 
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2. Two main types of fundamental fre- 
quency response curves were obtained: 


(a) the ‘‘N’’ type in subjects without 
headache, with a peak in the alpha band and 
declining rapidly with increase of stimulus fre- 
quency above 14 f/see.; 

(b) the ‘‘H”’ type in patients complaining 
of headache, with a flat top showing a re- 
sponse maintained up to or above 20 f/see. 

3. <A third type of frequency response 
curve was observed in a few patients in the 
control group; this showed a peak in the 
alpha band, a trough at about 14 f/see. and a 
second peak at about 18 f/sec. 


4. The three types of curve can be dif- 
ferentiated by direct comparison of the 
abundance of response at 18 f/sec. with that 
at the peak, and of the abundance at the 
trough to that at 18 f/see. 


D. Statistical analysis of the results 
showed that the odds against the association 
between the ‘‘H’’ type of frequency response 
eurve and clinical complaint of headache being 
fortuitous are greater than a million to one. 


6. The examination can be performed in 
approximately 2 min. with the aid of a fre- 
quency analyser and stroboscope and provides 
a useful method for the investigation of pa- 
tients complaining of headaches, particularly 
those considered to be suffering from migraine. 

7. No significant alteration in the flicker 
response curve has been observed during a 
headache attack and the conventional forms 
of medication have no apparent effect on the 
response, even when symptomatic relief is 
obtained. 

8. Blocking the cervical sympathetic chain 
with procaine was followed by conversion of 
the ‘‘H’’ type to the normal curve for a few 
hours in the two eases tried, and both obtained 
symptomatie relief. 

9. The spatial distribution of the cerebral 
mechanisms involved in the flicker response is 
being studied, together with the effect of 
postural change in order to test the hypo- 
thesis that the clinical and electro-cerebral 


features are both the result of disturbance in 
the cardio-vascular barostatic mechanisms. 


RESUME 


1. Les analyses de fréquence des électro- 
encéphalogrammes de 50 sujets sans plainte 
subjective de céphalée, et de 113 sujets avec 
des céphalées épisodiques fournissent une 
évidence statistiquement significative d’un 
spectre de réponse spécifique a la stimulation 
lumineuse intermittente chez des malades 
souffrant de céphalée épisodique sévére, avec 
association de nausée, de vomissements, de 
troubles visuels, ou de paresthésies. 

2. On a pu obtenir deux types principaux 
de courbes de réponse de fréquences fonda- 
mentales: a) le type ‘‘N’’ chez les sujets sans 
eéphalée, avee un pic dans la bande alpha, et 
décroissant rapidement lors d’une augmenta- 
tion de la fréquence du stimulus au-dessus 
de 14 f/see. ; 

b) le type ‘‘H’’ chez les malades sujets 
aux céphalées, avee un sommet plat, démon- 
trant une réponse maintenue jusqu’a, ou au- 
dessus de 20 f/see. 

3. Un troisiéme type de courbe de réponse 
de fréquence fut observé chez quelques mala- 
des du groupe de controéle; dans ecelui-ci il y 
avait un pie dans la bande alpha, une activité 
de fond aux alentours de 14 f/sec., et un 
deuxiéme pic a 18 f/sec. 

4. On peut différentier les trois types 
de courbes par la comparaison directe de 1’a- 
bondance de réponses a 18 f/sec. avec celle 
au pic, et de l’abondance a du rythme de 
fond avee celle de la fréquence a 18 f/see. 

5. L’analyse statistique des résultats dé- 
montrait que les chances d’avoir une asso- 
ciation fortuite entre le type H de la courbe 
de réponse de fréquence et la plainte clinique 
de céphalée sont plus grandes qu’un million 
pour un. 

6. L’examen peut étre fait dans un temps 
approximatif de deux minutes a l’aide d’un 
analyseur de fréquence et d’un stroboscope, et 
il fournit une méthode d’investigation utile 
chez les malades se plaignant de céphalées et 
en particulier chez ceux qui sont considérés 
comme des migraineux. 


S 
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7.I1 n’y a pas d’altération significative 
dans la courbe de réponse a la §.L.1. au cours 
d’une crise de céphalée, et les moyens habi- 
tuels de médication n’ont aucun effet appa- 
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rent sur la réponse, méme quand un soulage- 
ment symptomatique est obtenu. 


8. On a essayé, chez deux malades, le 
blocage a procaine de la chaine cervicale 
sympathique, ce qui était suivi d’une conver- 
sion du type H a une courbe normale pendant 
quelques heures; les deux malades accusaient 
un soulagement symptomatique. 


9. On étudie la distribution spatiale des 
mécanismes cérébraux qui sont impliqués 
dans la 8.L.I., ainsi que les effets du change- 
ment postural, afin de mettre a 1’épreuve 
l’hypothése que les traits cliniques et électro- 
graphiques sont tous les deux le résultat de 


‘désordres des mécanismes cardio-vasculaires 


barostatiques. 


ZUSAMMENFASSUNG 


1. Frequenzanalysen des Elektroenzepha- 
lograms bei 50 Individuen, welche nicht an 
Kopfschmerzen litten, und bei 113 Individuen, 
welche episodischen Kopfschmerzen unter- 
worfen waren, ergaben statistisch signifikante 
Indizien eines spezifischen Antwortspektrums 
auf intermittierende Lichtreizung, welches 
bei Patienten angetroffen wird, welche an 
episodischen, mit Nausea, Erbrechen, Sehsto- 
rungen oder Parasthesien einhergehenden 
Kopfschmerzen leiden. 

2. Zwei Typen der fundamentalen Fre- 
quenzantwortkurve wurden gefunden: 

(a) Der N- Typus bei Individuen ohne 
Kopfschmerzen mit einem Gipfel im Alpha- 
Band und raschem Abfallen in Bandern mit 
Reizfrequenz en tiber einem Wert von 14 
Blitzen pro Sekunde. 

(b) Der H-Typus bei Patienten, welche an 
Kopfschmerzen leiden und bei welchen ein 
flaches Plateau gefunden wird mit Reizant- 
worten, welche aufrechterhalten werden bis zu 
einer Frequenz tiber 20 Blitzen pro Sekunde. 

3. Kin dritter Typus der Frequenzantwort- 
kurve wurde bei einigen wenigen Individuen 
der Kontrollgruppe beobachtet. In diesem 
Fall bestand ein Gipfel im Alpha-Band, ein 
Abfallen im Bereich von 14 Blitzen pro Se- 
kunde, und ein erneuter Anstieg zu einem 
Gipfel im Bereich von 18 Blitzen pro Sekunde. 

4. Die drei Kurventypen kénnen diffe- 
renziert werden durch einen direkten Ver- 
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gleich der Antwort im Band von 18 Blitzen 
pro Sekunde mit derjenigen am Gipfelwert, 
und mit den Werten am Tiefpunkt mit den- 
jenigen im Band von 18 Blitzen pro Sekunde. 

5. Eine statistische Auswertung der Be- 
funde zeigte, dass die Wahrscheinlichkeit, 
wonach die Assozierung des H-Typus der 
Frequenzkurve mit Auftreten von Kopf- 
schmerzen auf Zufall beruhen, konnte kleiner 
als 1 in 1 Million ist. 

6. Die Untersuchung kann in ungefahr 2 
Minuten ausgeftihrt werden mit Hilfe eines 
Frequenzanalysators und eines Stroboskops 
und kann als eine brauchbare Methode fiir die 
Untersuchung von Patienten mit Kopf- 
schmerzen, speziell solechen mit Migrane, 
angesehen werden. 

7. Wahrend einem Kopfschmerzenanfall 
konnte keine signifikante Veranderungen der 
photischen JReizantwortskurve — beobachtet 
werden, und die tblichen Formen der Me- 
dikation haben keinen augenscheinlichen 
Effekt auf das Reizantwortspektrum, selbst 
wenn symptomatische Beschwerdefreiheit 
erzeugt wird. 

8. Blockierung des Halssympatikus mit 
Prokain erzeugte Verainderung des H-Typus 
zm einer Normalkurve welche fiir einige 
Stunden anhielt und symptomatische Be- 
schwerdefreiheit wurde damit ebenfalls er- 
zeugt. , 

9. Die raumliche Verteilung der zerebralen 
Mechanismen, welche in diesem Reizantwort- 
typus mitspielen, und die Effekte von Lage- 
veranderungen auf diese Reizantwort, bilden 
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das Objekt einer weiteren Studie, welche zum 
Zweck hat, die Hypothese zu priifen, wonach 
die mitgketeilten klinischen und elektroenze- 
phalographischen Aspekte auf Grund von St6- 
rungen in barostatischen Kreislaufmechanis- 
men erklart werden konnen. 


We are extremely grateful for the valuable 


guidance and stimulation suggestions given by Dr. 
Grey Walter and Dr. H. Crow. 
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INTRODUCTION 


In recent experiments, Batini, Moruzzi, 
Palestini, Rossi and Zanchetti (1958, 1959) 
have shown that a midpontine pretrigeminal 
transection of the brain stem will alter the 
eat’s electrocortical activity towards a nearly 
permanent state of desynchronization. To 
quote from their preliminary note (Batini 
et al. 1959): ‘‘ While the normal intact eats, 
when isolated in a quiet environment, would 
display low voltage fast activity for not more 
than 20 to 50 per cent of the total recording 
time, a waking EEG persisted in the mid- 
pontine preparations for at least 70 and fre- 
quently 90 per cent of the total recording 
time in spite of the complete absence of any 
intentional stimulation.’’ In an attempt to 
explain this temporal increase in EEG desyn- 
chronization patterns, they tentatively suggest 
the existence of a synchronizing or possibly 
sleep inducing influence in the caudal part of 
the brain stem. However, these authors also 
state: ‘‘ . . . there is no evidence suggesting 
a parallel increase in the intensity of alert- 
ness’, 

In a recent series of experiments on eats 
(Cordeau and Mancia 1958), the asymmetry 
produced in the electrocortical activity of the 
two hemispheres by a mesencephalic hemisec- 
tion alone was compared to that obtained 
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when this hemisection is made in the mid- 
pontine pretrigeminal preparation. In the 
former case, as previously reported by Knott, 
Ingram and Chiles (1955) and by Rothballer 
(1956), the hemisphere ipsilateral to the lesion 
shows marked persistent synchronization. On 
the contralateral side the EEG varies in ac- 
cordance with the behavioural state of the 
animal, being activated when the animal is 
awake and alert, synchronized when it is 
asleep. In the few days that follow the sur- 
gical procedure, the hemisphere overlying 
the mesencephalic hemisection can only be 
activated by rather strong auditory stimuli 
(police whistle) and this arousal is usually 
short lasting, sleep patterns reappearing soon 
after cessation of the stimulus. It was also 
reported that this asymmetry persists for a 
few days and fades gradually to reach full 
compensation in 6 to 8 days. At this stage the 
two hemispheres have similar and simultan- 
eous EEG patterns. However, when the mid- 
brain hemisection is made _ simultaneously 
with the complete midpontine pretrigeminal 
transection, the progression in time of the 
EEG patterns is quite different. While the 
animal shows periods of asymmetry with ip- 
silateral synchronization and _ contralateral 
activation as in the previous case, these al- 
ternate with prolonged periods of bilateral, 
low voltage high frequency activity where the 
asymmetry is absent. In other words, this 
eat’s EEG behaves as if the animal were 
being submitted to strong and_ persistent 
alerting stimuli for long periods of time. Fur- 
thermore it was shown that the time necessary 
for compensation or disappearance of the 
asymmetry to occur, in the latter case, is 


usually shorter than when the midbrain 
hemisection is the only lesion. This was con- 
sidered as further evidence that, as far as the 
electrocortical activity is concerned, the mid- 
pontine pretrigeminal preparation is on a 
high level of EEG activation, probably cor- 
responding to that of the normal eat reacting 
to a strong alerting stimulus. 


The present experiments were designed to 
test the hypothesis that the prolonged periods 
of low voltage fast activity and the high 
degree of EEG activation shown by the mid- 
pontine pretrigeminal cat is due to the with- 


drawal of some synchronizing or sleep in- . 


ducing influence from the caudal parts of 
the brain stem as suggested by Batini, Mo- 
ruzzi, Palestini, Rossi and Zanchetti (1958, 
1959). To this end, midpontine pretrigeminal 
hemisections were carried out, and the electro- 
encephalograms of the chronic preparations 
recorded at regular intervals. The acute ef- 
fects of hemilesions of the pons and medulla 
at various levels were also studied, in ‘‘encé- 
phale isolé’’ preparations. The results ob- 
tained in both groups of experiments are 
considered valid arguments in favour of the 
above mentioned hypothesis. 


METHOD 


The method used has been described pre- 
viously (Cordeau and Mancia 1958). In brief, 
under ether anesthesia the pontine hemi- 
sections were produced aseptically by electro- 
lysis through a stereotaxically oriented elec- 
trode inclined at 30° from the vertical. Care 
was taken to produce minimal damage while 
entering and passing through the cerebellum 
and this organ was left in place. The reason 
for this departure from the procedure of Ba- 
tini, Moruzzi, Palestini, Rossi and Zanchetti 
(1959), who removed the cerebellum after 
midpontine pretrigeminal transections was 
the following. The extreme extensor rigidity, 
elicited by the cerebellectomy, greatly in- 
creases the proprioceptive inflow to the reti- 
cular formation. The resulting EEG activa- 
tion was likely to mask any asymmetry in 
the electrocortical activity of the two hem- 
ispheres in our preparations, in which the 
transection had been limited to one side of the 


brain stem. 
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Following surgery, the animals were given 
daily injections of penicillin and _ forced 
feeding used when necessary. Frequent re. 
cordings of the electrocortical activity were 
taken through permanently implanted brass 
screw electrodes, using an 8 channel inkwriter 
Galileo electroencephalograph. 


In the case of acute experiments the ob- 
servations were made on the ‘‘encéphale isolé”’ 
preparation with a section of the spinal cord 
at Cs. and artificial respiration. The same 
method as above was used for the midpontine 
and more caudal hemisections, while the mid- 
brain lesions were also produced by electro- 
lysis, but through a vertical electrode intro- 
duced anteriorly to the tentorium cerebelli. 


At the end of the observation period the 
animals were killed, the brains fixed in 20 per 
cent formalin and the extent of the lesions 
controlled on Nissl and Weil stained sections. 


RESULTS 


1. Chronic midpontine pretrigeminal hem- 
isection. 

The lesions in this group of animals in- 
volved the whole left half of the pons, at a 
level just rostral to the site of entry of the 
trigeminal nerve. Following surgery, the 
animals were returned to their cages and left 
for a few hours to recuperate from the an- 
esthesia. Recording usually started some 2 to 
3 hours after the operation, and was repeated 
at frequent intervals and for long periods 
thereafter. 

Typically, the animal with a midpontine 
hemisection showed highly activated, bila- 
terally symmetrical EEG patterns in the few 
hours that followed surgery. Whether this 
was due to the lesion itself or to the pain 
resulting from the operation is an open ques- 
tion. Some 6 to 12 hours post-operatively 
there usually began to appear in the electro- 
encephalogram a few short episodes of syn- 
chronized activity. These rarely lasted longer 
than 40 to 60 see. at first, and were either 


confined to the right hemisphere (contra- 
lateral to the side of the lesion) (fig. 1 A 


and fig. 2) or else began there and only be- 
came bilateral after the first few spindles had 
appeared on the right side (fig. 1 B and C). 
The individual spindles of the right hemis- 
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EEG SYNCHRONIZATION 


phere at the beginning of each episode were 
ually of rather low voltage and short dura- 
tion, as if cut short before reaching their full 
development. At times, they would attain 
their full size and well known fusiform shape 
mly after spreading to the left hemisphere. 
But this was not a constant finding and some 
synchronized episodes, while entirely limited 
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These episodes of synchronization were 
usually short lasting, and were separated by 
long periods where the electrocortical activity 
remained highly desynchronized correspond- 
ing to the EEG of the very alert animal. How- 
ever, recording at high paper speeds and with 
a longer time constant during these activa- 
tion periods often showed slower component 
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Fig. 1 


Predominance of EEG synchronization contralaterally to midponting hemisections. 


The chronic midpontine hemisection at a level just rostral to the point of entry of the 
trigeminal nerve was performed on the left side. The record was taken on the day after the 
operation. A, B and C are continuous and show one of the synchronization episodes described 
in the text. Note the spindles which appear over the right hemisphere first and only become 
bilateral after 40 see.; moreover they remain of higher amplitude and longer duration on 
the right hemisphere. This episode is short lasting as usual, and bilateral desynchronization 


supervenes at the end of the lower tracing. 


to the right hemisphere, would show the usual 
complete and well formed spindle _ bursts. 
During these periods, when synchronization 
had become bilateral, it was often seen, by 
recording at high paper speeds, that indi- 
vidual spindles would begin on the right hem- 
isphere first and spread to the left only after 
the first two to three waves. 


frequencies in the electrocortical activity of 
the right hemisphere. 

This alteration of short episodes of asym- 
metrical synehronized activity with longer 
periods of bilateral activation usually persist- 
ed practically unchanged for the next few 
days. At times, considerable patience on the 
part of the observer was necessary to record 


d04 


a few of these synchronization episodes. It 
was only occasionally that bilateral sleep 
patterns could be recorded for any length of 
time. Even at this time, however, the record 
sometimes showed more frequent, higher 
amplitude and longer lasting spindles over the 
right hemisphere, i.e. on the side opposite to 
that of the section. Each of these episodes of 
synchronization could easily be interrupted 
and an arousal pattern substituted by any 
mild alerting stimulus. Such records were 
taken up to and ineluding the Sth _ post- 
operative day without any basic change being 
observed in the patterns described. 

To summarize briefly, it appears that a 
midpontine petrigeminal hemisection will 
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a chronic hemisection at mesencephalic level 
(Knott, Ingram and Chiles 1955 ; Cordeau and 
Maneia 1958). It will be remembered that 
with such a lesion, the cat showed consistently 
a greater tendency to synchronization over 
the ipsilateral hemisphere, where the sleep 
patterns persisted practically unchanged 
throughout the 3 to 4 days that followed 
surgery. This ipsilateral synchronization 
could only be interrupted by strong alerting 
stimuli, and the arousal thus produced was 
short lasting, slow waves and _ spindles re. 
turning first on the side of the lesion and 
later on the opposite side. 

During the long activation periods shown 
by the animal with a midpontine hemisection, 
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Fig. 2 
Predominance of EEG synchronization contralaterally to midpontine hemisection. 


The record taken at higher paper speed and 
longer time constant shows the spindles and slower component frequencies of the right cortex, 
i.e. Of the hemisphere contralateral to the midpontine hemisection. 


Identical preparation to that of figure 1. 


produce an asymmetry in the electrocortical 
activity of the two hemispheres. This asym- 
metry is characterized by the greater tendency 
to synchronization shown by the contralateral 
hemisphere, or expressed differently and 
perhaps more accurately by the greater 
tendency of the ipsilateral cortex to remain 
permanently activated. Moreover, the general 
level of alertness of the animal, at least as 
far as its electrocortical activity is concerned, 
is raised and lengthened in a manner some- 
what similar to the midpontine pretrigeminal 
preparation (Batini, Moruzzi, Palestini, Rossi 
and Zanchetti 1958, 1959). 

This whole EEG behaviour stands in sharp 
contrast to the asymmetry obtained following 
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the effects of small doses of Nembutal injected 
intravenously were studied. At times, a very 
small dose of this drug (0.5 to 1 mg/kg.) 
would bring out an EEG asymmetry stronger 
than that occurring during spontaneous syt- 
chronization, with well developed spindles ap: 
pearing in an isolated fashion in the EEG of 
the hemisphere contralateral to the _ lesion. 
These small doses did not affect the animal’ 
responsiveness to arousal stimuli, which con- 


ond 


stantly disrupted the synchronous rhythms 
At other times, and usually with larger doses, 
the resulting synchronization was _ bilateral 
but began on the right side where it oftel 
remained more marked. 

From the behavioural standpoint thes: 
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animals did not show the degree of excitation 
which could have been expected from the 
predominantly activated EEG pattern. They 
would lie quietly but alert in their cages 
unless disturbed and, following stimulation 
or prodding, soon relapsed into their former 
state of motionless alertness. 

2. Acute midpontine pretrigeminal hem- 
section in an “‘encéphale rsolé’’ cat. 

In this second group of animals the same 
midpontine pretrigeminal hemisections were 
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terally activated EEG, short periods of syn- 
chronized activity which were confined to the 
right hemisphere (contralateral to the pontine 
hemisection), while the left remained desyn- 
chronized. At times, these short burst gra- 
dually lengthened and became more frequent, 
until a stage was reached at which the right 
hemisphere showed nearly continuous syn- 
chronization (fig. 3 A). These sleep patterns 
occasionally spread to the left hemisphere, 
but they were usually short lasting on this 
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Fig. 3 
Shift from contralateral to ipsilateral EEG synchronization following a second hemisection 


at midbrain level. 
A. Left midpontine hemisection in an ‘‘encéphale isolé’’ preparation. 
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During a period of 


spontaneous EEG synchronization the spindles are present in the contralateral hemisphere 
only and a mild auditory stimulus (soft whistling) produces a desynchronization. B. Same 
eat after new hemisection at the level of the midbrain and on the same side as the pontine 


ESE 


lesion. Note shift in the EEG asymmetry. 


chronized and a strong alerting stimulus (police whistle) 


The ipsilateral hemisphere is now deeply syn- 


is ineffective in producing an 


arousal. The dark line underneath each record shows the time of stimulation. 


repeated under ether anesthesia. The spinal 
cord was then transected at Cs, anesthesia 
discontinued and artificial respiration begun. 
The cats were then taken out of the Horsley- 
Clarke apparatus and left to recuperate in a 
dark quiet room. 

One to two hours after the end of the 
operation, there began to appear in the bila- 


side. During these periods of one sided syn- 
echronization, slight involuntary alerting 
stimuli, such as a fortuitous noise in the room 
or a change in the lghting, or intentional 
stimulation (soft whistle or touch of the whis- 
kers), were usually sufficient to produce a 
prolonged arousal (fig. 3 A). But when the 
synchronization returned, it was again pre- 
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dominant or confined to the hemisphere on the 
side opposite to the lesion. 

More frequently, however, the ‘‘encéphale 
isolé’’ preparation with the midpontine 
hemisection showed nearly permanently de- 
synchronized activity with very little ten- 
dency to drowsiness or sleep. At this time, the 
i.v. injection of small doses of Nembutal (0.5 
to 1 mg/kg.) facilitated the appearance of the 
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stant finding, consists in the increased tend. 
ency to drowsiness and sleep of the ‘‘eneé. 
phale isolé’’ eat. 

The EEG asymmetry resulting from 
chronic or acute midpontine pretrigeminal 
hemisections, speaks in favour of the hypo- 
thesis of Batini, Moruzzi, Palestini, Rossi and 
Zanchetti (1958, 1959) that a tonie synchro. 
nizing influence arises from the caudal pari 
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Fig. 4 
EEG asymmetry produced by a small dose of Nembutal following acute midpontine hemisection. 
Left midpontine hemisection in an ‘‘encéphale isolé’’ preparation. The electrocortical activity 


of this animal remained desynchronized for 2% hours following the end of the surgery. A 


b 


B and C are continuous and show the synchronization of the contralateral bemisphere 2 min. 
after the i.v. injection of 0.5 mg/kg. of Nembutal. 


EEG synchronization in the hemisphere con- 
tralateral to the section (fig. 4). With these 
small doses, the animal retained its respon- 
siveness to arousal stimuli. 

To sum up, the acute midpontine hemi- 
section in the ‘‘encéphale isolé’’ preparation 


will reproduce the same electrocortical asym- 
metry as this chroni¢ section alone. The only 
possible difference, and this was not a con- 


of the brain stem. In order to explain our 
results the assumption should be made that 
this influence facilitates the EEG synchro- 
nization of the hemisphere contralateral to the 
lesion through the intact half of the brain 
stem. It is prevented from doing so by the 
pontine hemisection on the injured side, where 
the cortex remains predominantly desyn- 
chronized. 
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However, two other possibilities should be 
eliminated before the lower brain stem origin 
of this synchronizing influence can be ac- 
eepted. First, convincing evidence should be 
provided that we are not dealing with some 
kind of ‘‘irritation’’ of critical neuronal struc- 
tures belonging to the ascending reticular sys- 
tem (Moruzzi and Magoun 1949); an asym- 
metrical irritation which would be directly or 
indirectly related to the electrolytic lesion. 
It is true that such an irritation appears un- 
likely since the EEG syndrome was shown to 
persist unchanged for five days following 
the operation. Its existence, however, cannot 
be dismissed without further evidence and it 
must be conceded that the persistence of this 
unilateral, long lasting irritation, would pro- 
duce the same EEG asymmetry as described 
above. Secondly, granted the existence of a 
synchronizing influence from the caudal brain 
stem, it might be maintained that this effect 
is due to the tonic baroceptive inflow arising 
in the pressoreceptors (Bonvallet, Dell et Hie- 
bel 1954; Mazzella, Garcia Mullin and Gar- 
cia Austt 1957). 


The experiments reported in the next chap- 
ters were carried out in order to test these 
possibilities. 

3. Mesencephalic hemisection following 
hemipontine transection. 


After a period of observation lasting some 
3 to 4 hours, the ‘‘encéphale isolé’’ prepara- 
tion with the midpontine hemisection de- 
scribed above was replaced in the _ stereo- 
taxic apparatus. Using the same technique, a 
second hemisection was then carried out a 
few mm. anteriorly, i.e. at the intercollicular 
level and on the same side as the pontine 
section. Following this second intervention 
and with the cat in the same conditions as 
previously, a dramatic shift in the EEG asym- 
metry occurred (fig. 3 B). On the side of 
both the mesencephalic and pontine lesions, 
the cerebral hemisphere was now deeply and 
permanently synchronized, and this synchro- 
nization had a tendency to spread to the right 
hemisphere. Arousal stimuli, while producing 
aright sided arousal easily, were not always 
effective in activating the left hemisphere 
(fig. 3 B). This new asymmetry between the 
two cortices persisted unchanged to the end 
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of the observation period some 2 to 3 hours 
later. It has been shown previously (Cordeau 
and Mancia 1958) that the EEG asymmetry 
produced by a mesencephalic hemisection will 
persist from 5 to 8 days before compensation 
occurs. 

4. Hemisections caudal to the midpontine 
level. 


In this series of acute experiments, the 
brain stem hemisection was moved caudally in 
steps of 2 mm., from its original position at 
the midpoint pretrigeminal level. The same: 
technique as previously was used. Therefore 
each successive ‘‘encéphale isolé’’ cat was now 
the bearer of a left brain stem hemisection 
situated 2 mm. more caudally than the pre- 
ceding one. 


The EEG asymmetry obtained with the 
midpontine pretrigeminal hemisection, recur- 
red unchanged in these preparations, for all 
levels of the lesion down to and including the 
rostral medullary level. Moving the hemi- 
section 2 mm. caudally from the rostral me- 
dulla decreased the asymmetry considerably, 
sleep patterns being only slightly more mark- 
ed over the contralateral hemisection. With 
the lesion 4 to 6 mm. from the rostral border 
of the medulla, this asymmetry had disap- 
peared and EEG synchronization, whenever 
present, was bilateral and synchronous. Ana- 
tomical controls have shown that the most 
rostral lesion which did not produce an EEG 
asymmetry was at the level of the nucleus 
paraolwaris medialis. 

5. Midpontine pretrigeminal hemisection 
in the ‘‘encéphale isolé’’ cat with denervated 
carotid sinuses and bilateral vagotomy. 


6é 


The same sequence of events described 
under 2 was followed here. This involved the 
placing of the pontine lesion, section of the 
cord at Cy and recording of the EEG follow- 
ing disappearance of the ether anesthesia. 
With the electrocortical asymmetry present 
in the record, both carotid sinuses were then 
denervated and a bilateral vagotomy perform- 
ed. Subsequent records showed that the 
original asymmetry persisted unchanged fol- 
lowing the denervation of the carotid sinuses 
and section of both vagi (fig. 5). In other 
words, the hemisphere contralateral to the 
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midpontine hemisection still showed the 
greater tendency to synchronization. 

In a few eases a slightly different pro- 
eedure was used. After the midpontine hemi- 
section and before transection of the spinal 
eord at Co, the cat was curarized, the blood 
pressure from the femoral artery was re- 
eorded and its changes during occlusion of 
both carotids used as an index of the effective- 
ness of our denervation technique. Both, the 
abrupt rise in blood pressure immediately fol- 
lowing section of the Hering nerve and the 
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in the chronic midpontine pretrigeminal cat, 
Batini, Moruzzi, Palestini, Rossi and Zan. 
chetti (1958) wrote that ‘‘a synchronizing or 
possibly sleep inducing influence in the caudal 
brain stem could be tentatively envisaged...” 
In a recent publication (Cordeau and Man. 
cia 1958), we have shown that the midpontine 
pretrigeminal cat, as far as its electrocortical 
activity is concerned, is on a high intensity 
level of EEG activation, a level which prob- 
ably corresponds to that of the normal cat 
reacting to a strong alerting stimulation. In 
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Fig. 5 
Persistent EEG asymmetry following bilateral carotid sinus denervation and vagotomy. 


A. Left midpontine hemisection in an ‘‘encéphale isolé’’ preparation. 
are present in the contralateral hemisphere only. 
carotid sinuses and vagotomy. 


synchronization the spindles 
after bilateral denervation of the 
unchanged. 


subsequent absence of the effects of carotid 
occlusion substantiated our claim to a com- 
plete denervation. Both vagi were then seec- 
tioned, the spina! cord interrupted at Co, and 
the EEG recorded. This showed the same 
asymmetry as in the other groups of exper- 
iments. 


DISCUSSION 


In an attempt to explain the temporal 
increase in EEG activation patterns recorded 


During a period of 
B. Same cat 
The EEG asymmetry is 


that paper also the hypothesis of a release | 


from a synchronizing influence arising from 
the caudal brain stem was considered to ex- 
plain this intensity of EEG alertness. 
present series of experiments provides strong, 
if somewhat indirect 
this hypothesis. The 
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somewhat similar to those of the pretrigeminal 
preparation, while the contralateral hem- 
isphere, still connected to the caudal brain 
stem, is the one predominantly and primarily 
affected when EEG synchronization occurs. 


The first task of our discussion is to see 
whether the alternative explanation of a long 
lasting, unilateral ‘‘irritation’’ might also ac- 
count for our findings. The term ‘‘irritation’’ 
is used in the wide sense of the word, indi- 
cating any increase in the activity of the neu- 
rons lying immediately above the lesion 
which is not due to a release from a toni¢ in- 
hibitory control. There is little doubt that if 
such an increase of activity were to remain 
localized to the units of the ascending reti- 
cular system lying immediately above the 
unilateral midpontine lesion, and persist un- 
abated for several days, this ‘‘irritative’’ 
change could also account for our findings. 


We believe that this possibility is made 
very unlikely, though not completely elim- 
inated, by several considerations. 


First, the EEG asymmetry obtained from 
a chronic midpontine hemisection persisted 
uwchanged for five days, the longest period 
of observation. It is difficult to believe that 
an “‘irritative’’ focus would remain localized 
for such a long period of time, when it is well 
known that electrical stimulation of the same 
pontine structures, will produce bilateral 
EEG arousal. Any recent irritative event, 
either gradually fades away or has a tendency 
to grow in both its temporal and _ spatial 
aspects. Secondly, following a more rostral 
hemisection at the interecollicular level in the 
same animal, a dramatic shift in the asym- 
metry occurred with ipsilateral synchroniza- 
tion replacing the predominantly activated 
EEG patterns. It is not easy to explain why 
irritation of structures immediately overlying 
the lesion should produce opposite effects de- 
pending on the site of the electrolytic destrue- 
tion at pontine or midbrain levels, in view 
of the fact that electrical stimulation of both 
regions of the brain stem will produce the 
same patterns of EEG arousal. Finally, 


 hemisections performed in successive animals 
y} and at lower brain stem levels down to and 
‘including the rostral medulla were followed 
_ by the same EEG asymmetry as the midpon- 
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tine hemisection. This effect was markedly 
decreased, however, with the hemisection at a 
slightly more caudal level and it disappeared 
when the lesion was placed caudally to the 
midmedullary level. In the latter case, when 
sleep patterns appeared in the electrocortical 
activity, they did so in a bilaterally synchro- 
nous manner. It is unlikely that the brain 
stem hemisection could produce an irritation 
in pontine structures sufficient for prolonged 
and intense ipsilateral activation to persist in 
the EEG for a few days while being unable 
to do so even for a few hours at mesencephalic ~ 
and medullary levels. 


To state that the midpontine transection 
interrupts an ascending flow of synchronizing 
impulses, does not imply necessarily that this 
influence arises within the lower brain stem. 
It could be mediated by structures, not ne- 
cessarily reticular in character, lying in this 
area of the central nervous system. Bonvallet, 
Dell, and Hiebel (1954) were the first to 
show that sino-aortic denervation resulted in 
EEG activation, an effect which might of 
course be explained simply with a marked in- 
crease in adrenaline discharge. Although 
there is no evidence that the tonic inflow of 
baroceptive impulses, which is present for 
normal levels of blood pressure, exert a syn- 
ehronizing influence on the EEG through 
ascending pathways, Bonvallet, Dell and Hie- 
bel (1954) and Mazzella, Garcia Mullin and 
Garcia Austt (1957) stated that the exper- 
imental distension of the carotid sinuses pro- 
duced EEG synchronization. The possibility 
that this peripheral synchronizing influence 
may have been responsible for the EEG 
asymmetry recorded in the present exper- 
iments was eliminated since the greater tend- 
eney to synchronization in the hemisphere 
contralateral to the midpontine hemisection 
persisted unchanged after denervation of both 
carotid sinuses and bilateral vagotomy. These 
findings obviously do not eliminate the pos- 
sibility that a tonie baroceptive barrage may 
at times contribute to the production of EEG 
sleep patterns. But they do show that this 
afferent inflow is not an essential element in 
the production of the asymmetry observed 
here. 

Summing up, it seems that the present 
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results can best be explained by assuming that 
an ascending flow of impulses originating in 
the lower part of the brain stem and endowed 
with a synchronizing influence on the electro- 
cortical activity, can affect the hemisphere 
overlying the intact half of the brain stem, but 
are prevented from doing so on the side of 
midpontine lesion. This flow may be in- 
fluenced, but is not conditioned by the tonic 
barrage of baroceptive impulses. The EEG 
arousal obtained by Magni, Moruzzi, Rossi and 
Zanchetti (1959) with the injection of barbi- 
turates in the lower brain stem circulation, 
could also be explained by the same hypo- 
thesis. 

The general characteristics of this syn- 
chronizing or sleep including mechanism, such 
as its anatomical boundaries, possible afferent 
components, mechanism of action and ros- 
trally oriented efferent pathways, are largelv 
unknown. However it may be useful to re- 
view briefly what can be learned of its pro- 
perties from the present study or surmised 
from current literature. 

Anatomically, this synchronizing influence 
would arise from structures situated between 
the rostral level of the medulla and the first 
cervical segments of the spinal cord.- It is 
present in the ‘‘encéphale isolé’’ preparation 
and its manifestations are clear for brain 
stem hemisections down to and including the 
rostral medullary level. However, these limits 
cannot be fixed accurately by the method used 
here. 

Little can be said concerning the possible 
tonic activity of these synchronizing strue- 
tures or the afferent impulses which may 
contribute to this tonicity. One likely can- 
didate for the latter, though not an essential 
one, would be the synchronizing influence of 
the afferent inflow from carotid and cardio- 
aortic pressoreceptors (Bonvallet, Dell and 
Hiebel 1954; Mazzella, Garcia Mullin and 
Garcia Austt 1957). 

The mechanism of action of this synchro- 
nizing influence is also a matter for conjec- 
ture. As a first approach three possibilities 
could be considered: (1) EEG synchroniza- 
tion through direct action on cortical neurons; 
(2) inhibition of the ascending brain stem 
activating system; (3) ‘‘facilitation’’ of, or 
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synergetic action with the so-called thalamic 
pacemaker which seems to be involved in some 
way in the production of cortical sleep 
spindles. 

Nothing can be said concerning the first 
two possibilities and further experimentation 
is needed before these can be discussed. Hoy. 
ever, there exists some experimental support 
for the third hypothesis. In a recent report 
(Cordeau and Mancia 1958) we compared 
the electrocortical activity of cats with mes. 
encephalic hemisections to that of the mid. 
pontine pretrigeminal preparation with the 
same lesion. It will be remembered that the 
midbrain hemisection alone results in a strong 
ipsilateral synchronization of the EEG. This 
synchronization lasts a few days, fades grad- 
ually, and the asymmetry in the cortical activ- 
ity of the two hemispheres has usually dis. 
appeared by the 6th to 8th post-operative day. 
Following this compensation, when the animal 
becomes drowsy or goes to sleep spontaneously, 
or else after the injection of a small dose of 
Nembutal (0.5 to 1 mg/kg.), sleep spindles 
often appear first on the hemisphere contra- 
lateral to the midbrain hemisection. The an- 


imal with both a mesencephalic hemisection | 


and a midpontine transection shows a some. 
what similar initial asymmetry and compensa- 
tion with time (the reader is referred to the 
original paper for details). However, follow- 
ing compensation this paradoxical appearance 
of spindles on the contralateral hemisphere is 
never seen. Following the injection of small 
doses of Nembutal (0.5 to 1 mg/kg.), the 
spindles always appear on the hemisphere 
ipsilateral to the midbrain lesion before be- 
coming bilateral. When we reported these 
apparently contradictory findings no explana- 
tion was attempted. However, with the pre 
sent hypothesis of a synchronizing influence 
originating in the lower brain stem, this ex- 
planation becomes possible. As far as. the 
brain stem activating system is concerned, 
both preparations are in somewhat identical 
conditions. Each is left with an _ efficient 
activating system on one side of the brain stem 
only, that is, on the side opposite to the mid 
brain hemisection. If ‘‘going to sleep’’, either 
spontaneously or following the injection of 
Nembutal, were only the result of a decrease 
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in activity of the brain stem activating sys- 
tem, spindles should appear first in the hem- 
isphere overlying the midbrain hemisection, 
as they do in the pretrigeminal preparation, 
since on that side the tonic barrage of activ- 
ating impulses is greatly decreased. However, 
if we assume that ‘‘going to sleep’’ also in- 
volves the participation of a synchronizing 
mechanism originating in the lower brain stem 
and acting on the thalamic spindle pacemaker, 
the integrity of this link in one half of the 
brain stem of the compensated hemimes- 
encephalic cat might explain the appearance 
of spindles on that side first, when the animal 
goes to Sleep spontaneously or following the 
injection of a small dose of Nembutal. With 
the additional, complete midpontine transec- 
tion, this link is interrupted bilaterally and 
spindles always appear in the hemisphere over- 
lying the midbrain lesion first. 

This hypothesis of a facilitatory action of 
the bulbar synchronizing centre on the thal- 
amic spindle pacemaker might also explain 
bursts of unit activity recorded with micro- 
electrodes from the midbrain reticular forma- 
tion. According to Machne, Calma and Ma- 
goun (1955) these bursts of unit activity are 
synchronous with cortical spindles and dis- 
appear during the interspindle lulls or fol- 
lowing cortical arousal. To date, the firing 
of these units has been interpreted as the 
result of the cortical spindles rather than its 
cause (Moruzzi 1956; see also Rossi and Zan- 
chetti 1957). But the reverse may be true. 
These bursts of unit activity in the midbrain 
reticular formation could be rostrally oriented 
impulses from the bulbar synchronizing cen- 
tre to the thalamic pacemaker, travelling over 
multisynaptie neuron chains. 

Sporadically in current neurophysiological 
literature, the observation is made, either in- 
cidental to the experiments described or as a 
definite aim of the research, that electrical 
stimulation of the midbrain reticular forma- 
tion under various conditions, will produce a 
“flattening’’ of the electrocortical activity 
(Moruzzi and Magoun 1949; Domino 1955; 
Ingvar and Sdderberg 1958) or a definite 
synchronization with true sleep patterns in 
the EEG (Caspers und Winkel 1954; Caspers 
1955, Proctor, Knighton and Churchill 1957; 
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Ingvar and Soderberg 1958; see also Rossi . 
and Zanchetti 1957). 

Domino (1955) has suggested that the 
‘flattening reaction’’ which he obtained fol- 
lowing stimulation of the midbrain reticular 
formation after the injection of pentobarbital 
or of large doses of Mephenesin, should be 
considered as evidence for the existence of an 
ascending ‘‘deactivating’’ mechanism. In the 
examples shown and according to his descrip- 
tion, the stimulation of the reticular forma- 
tion produces a reduction of the spindling fre- . 
queney or a complete flattening of the EEG. 
We believe that a distinction should be made 
between such a ‘‘deactivating’’ mechanism as 
postulated by Domino and a truly synchroniz- 
ing system whose function would be to facil- 
itate the appearance of spindles and slow 
waves in the electrocortical activity. In the 
former case, the mechanism involved in the 
‘‘flattening reaction’’ would appear to be an 
inhibition or a desynchronization of the thal- 
amie pacemaker interested in the production 
of the cortical spindling activity, while in the 
latter the reverse would be true. In other 
words it is our opinion that the ‘‘flattening 
reaction’’ is more likely to be the result of the 
stimulation of an activating mechanism rather 
than that of a synchronizing one. 

For this reason we prefer to limit our 
discussion to those cases where behavioural 
sleep or true EEG sleep patterns were pro- 
duced by electrical stimulation of the brain 
stem, usually with low voltage, low frequency 
electrical pulses (Caspers und Winkel 1954; 
Caspers 1955; Proctor, Knighton and Chur- 
chill 1957; Ingvar and Sdderberg 1958). In 
these cases it may be that the stimulation has 
selectively or primarily influenced the rost- 
rally oriented pathways from the bulbar syn- 
ehronizing structures rather than the sur- 
rounding activating neurons of the midbrain. 

The rarity with which these effects are re- 
ported suggests that the neurons or fibers 
belonging to the synchronizing pathways must 
be dispersed diffusely in the midst of the more 
potent activating ones or else segregated in an 
area seldom explored by the stimulating elec- 
trode. The former possibility is the more 
probable one since increasing the intensity or 
frequency of the stimulation usually reverses 
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the effect to one of activation. The exper- 
imental situations which condition this selec- 
tive activation of synchronizing fibers are not 
apparent from a perusal of the literature. The 
same explanation may be valid for the thal- 
amie ‘‘sleep inducing centre’’ of Hess whose 
low frequency stimulation produces both be- 
havioural (Hess 1949) and EEG sleep (Hess 
jr., Koella and Akert 1953) patterns in the 
electrocortical activity. This diencephalic locus 
could be the concentrated thalamic end of the 
postulated synchronizing pathway. It is quite 
evident that more experimentation is needed 
before these questions are solved satisfactorily. 

As a final remark, the existence of a syn- 
ehronizing mechanism originating in the cau- 
dal part of the brain stem, raises the question 
of its functional relationship with the inhib- 
itory centre of Magoun and Rhines (1946). 
Following a recent series of experiments, Hu- 
gelin and Bonvallet (1957a, 1957b, 1957c) 
suggest that the cortical activating influence 
of the brain stem reticular formation and its 
facilitatory action on postural tonus and 
phasic movements are two aspects of the same 
single system. They are led to this conclusion 
from the close parallelism which exists in the 
ascending and descending manifestations of 
this system, it being impossible to dissociate 
the two or to influence one without simulta- 
neously producing a similar change in the 
other. At this stage, nothing justifies a sim- 
ilar assumption for the brain stem synchroniz- 
ing mechanism and the inhibitory centre of 
Magoun and Rhines. However, in view of 
the roughly similar anatomical boundaries of 
the two systems and the fact that the same 
peripheral stimulus, i.e. a distension of the 
carotid sinus, will synchronize the electrocor- 
tical activity (Bonvallet, Dell et Hiebel 1954; 
Mazzella, Garcia Mullin and Garcia Austt 
1957) and will also inhibit the ventral root 
monosynaptie reflex possibly through a direct 
action on the inhibitory centre (Dell, Bon- 
vallet et Hugelin 1954), the hypothesis of a 
close functional relationship, if not complete 
identity, between the two should be considered 
and made the subject of further study. 
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SUMMARY 


The aim of the present investigation was 
to test the hypothesis made by Batini, Moruz- 
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zi, Palestini, Rossi and Zanchetti (1958, 1959) 
of an EEG synchronizing influence originat- 
ing in the caudal part of the brain stem. To 
this purpose, the electrocortical activity of 
eats with chronic midpontine pretrigeminal 
hemisections was recorded. It was found that 
such a lesion produced an asymmetry in the 
EEG of the two hemispheres, the contralateral 
side showing the greater tendency to synchro- 
nization, while the ipsilateral hemisphere re. 
mained persistently desynehronized. The same 
EEG asymmetry was found to exist when the 
acute effects of brain stem hemisections were 
studied in the ‘‘encéphale isolé’’ preparation 
and for all levels of the lesion from the pre. 
trigeminal down to the rostral medulla. The 
EEG asymmetry was not present with heni- 
sections caudal to the mid- medullary level. 
Control experiments have shown that. this 
asymmetry is unlikely to be due to an irrita- 
tion of the ascending reticular system by the 
lesion and resulting ipsilateral desynchroniza- 
tion. In similar experiments the EEG asyn- 
metry was found to persist after denervation 
of both carotid sinuses and bilateral vagotomy, 
Therefore the synchronizing effect of presso- 
ceptive afferent impulses is not essential to 
the asymmetry observed. 


These results are considered as valid ey-f 


¢ 


idence in favour of the existence of a ‘‘syn- 
ehronizing mechanism’’, originating in the 
caudal part of the brain stem. This mechanism 
influences the hemisphere contralateral to the 
pontine hemisection, where sleep patterns were 
seen, through the intact half of the brain stem, 
while it is prevented from doing so on the 
side of the lesion, where the electrocortical 
activity remained predominantly desynchro- 
nized. 

The possible characteristics and properties 
of this synchronizing mechanism are discussed 
in the hight of present day knowledge con 
cerning the control of the electrocortical activ- 
ity in the eat. 


RESUME 
Le but de ce travail a été de controler i: 
validité de l’hypothése émise par Batini, Mo 
ruzzi, Palestini, Rossi et Zanchetti (1958) 


1959) concernant l’existence d’une influence 
synchronisante sur l’activité électrocorticale} 
dont l’origine se trouverait dans la partie cal'y 
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dale du trone cérébral. A cette fin nous avons 
enregistré l’activité électrocorticale du chat 
porteur d’une hémisection chronique du trone 
érébral, placée juste en amont de la zone 
d’entrée du trijumeau dans le tiers moyen 
de la protubérance (hémisection prétrigémi- 
nale). A la suite de cette lésion, nous avons 
noté une asymétrie de l’activité EEG des deux 
hémisphéres cérébraux, |’hémisphére contra- 
latéral a l’hémisection présentant une plus 
forte tendanee a la synchronisation tandis que 
lipsilatéral reste désynchronisé d’une facon 
quasi permanente. Nous avons retrouvé la 
méme asymétrie chez le chat ‘‘encéphale isolé’’ 
porteur d’une hémisection du trone cérébral 
située, soit au niveau prétrigéminal, soit plus 
caudalement, jusqu’a la partie rostrale du 
bulbe. L’asymétrie électroencéphalographique 
nest plus présente si ]l’hémisection du trone 
cérébral est placée caudalement a la partie 
moyenne du bulbe. Des expériences de con- 
trdle nous permettent d’affirmer: 1) que les 
afférenees baroréceptives du sinus carotidien 
ou de la zone aortique ne sont pas essentielles 
pour que se manifeste cette asymétrie, et 2) 
qu'il est peu probable que cette asymétrie soit 
attribuable a une irritation locale du systéme 
activateur réticulaire par la lésion elle-méme. 


Par conséquent ces résultats sont considé- 
rés des arguments valides en faveur de 1’lhypo- 
thése d’un ‘‘mécanisme synchronisateur’’ qui 
trouverait son origine dans la partie caudale 
du trone cérébral. Ce mécanisme synechroni- 
sateur manifeste son influence sur 1’hémisphe- 
re cérébral contralatéral a l’hémisection, par 
l'intermédiaire de la zone intacte du trone 
céérébral. C’est en effet dans l’activité EEG 
de cet hémisphére que nous avons noté la pré- 
sence d’ondes lentes et de ‘‘spindles’’. L’hé- 
misection empéche cette influence d’atteindre 
’hémisphére ipsilatérale ot 1l’activité EEG 
reste 8 prédominance désynchronisée. 


ZUSAMMENFASSUNG 


Das Ziel der vorliegenden Untersuchung 
bestand darin, die von Batini, Moruzzi, Pales- 
tini, Rossi und Zanchetti (1958, 1959) auf- 
gestellte Hypothese zu priifen, wonach der 
kaudale Abschnitt des Hirnstamms einen 
Einfluss auf das EEG 
Zu diesem Zweck wurde die elektri- 


synchronisierenden 
> austibt. 
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sche Aktivitat der Hirnrinde bei Katzen stu- 
diert, bei welechen der Hirnstamm im Gebiet 
der Briicke unmittelbar vor dem Austritt des 
Nervus trigeminus halb durechschnitten wor- 
den war. Diese Untersuchungen wurden im 
chronischen Experiment ausgefiihrt. Nach 
einer derartigen Halbdurchschneidung des 
Hirnstamms entwickelte sich in den beiden 
Hemispharen ein unsymmetrisches Hirnstrom- 
bild, wobei die kontralaterale Seite eine gros- 
sere Tendenz zur Synchronisierung aufwies 
als die ipsilaterale Hemisphare, in welcher die 
Aktivitat asynchron bleb. Die gleiche Asym- 
metrie des Elektroenzephalogramms bestand, 
wenn durch Halbdurchschneidung des Hirn- 
stamms erzeugte akute Effekte bei der ‘‘ encé- 
phale isolé’’ Praparation untersucht wurden. 
Dasselbe galt fiir alle Halbdurchschneidungen 
von der pratrigeminalen Ebene kaudalwarts 
bis zum rostralen Teil der Medulla oblongata. 
Keine Asymmetrie des EEGs wurde gefunden 
mit Halbdurchschneidungen des Hirnstamms 
in Absechnitten der Medulla oblongata, welche 
kaudal zu ihrer mittleren Portion angelegt 
wurden. In Kontrollexperimenten wurde ge- 
zeigt, dass diese Asymmetrie sehr wahrschein- 
lich nicht auf einen irritierenden Effekt der 
Lasion auf das aufsteigende retikulare Sys- 
tem zuriickzufiihren ist, was an sich auch die 
ipsilaterale Asynchronie der Rindenaktivitat 
erkliren konnte. In ahnlichen Experimenten 
wurde festgestellt, dass die Asymmetrie des 
EEGs andauert, wenn der Karotissinus auf 
beiden Seiten denerviert oder der Nervus 
vagus beidseitig durchtrennt wird. Es wurde 
demnach bewiesen, dass der synchronisierende 
Effekt, welecher durch pressorezeptive, af- 
ferente Impulse ausgetibt wird, fiir das Zus- 
tandekommen der EEG-Asymmetrie nicht 
obligat ist. 

Diese Befunde werden als giiltiger Beweis 
fiir die Existenz eines vom kaudalen Teil des 
Hirnstamm ausgehenden ‘‘synchronisierenden 
Mechanismus’’ betrachtet. Bei halbseitiger 
Durehsechneidung des Hirnstamms in der 
Briicke beeinflusst dieser Mechanismus die 
kontralateral zu dieser Lasion gelegene Hemi- 
sphare durch Vermittlung der _ intakten 
Halfte des Hirnstamms, wahrenddem auf der 
Seite der Hirnstammlasion die Vermittlung 
dieses Einflusses verunmoglicht wird. Infol- 


564 


gedessen entwickelt sich ein fiir Schlaf char- 
akteristisches Hirnstrombild auf der Seite 
kontralateral zur Hirnstammlasion, wahrend- 
dem die Rindenaktivitat auf der ipsilateralen 
Seite vorwiegend asynchron verbleibt. 

Die hypothetischen Eingenschaften dieses 
synchronisierenden Mechanismus werden im 
Lichte der gegenwartigen Kenntnisse tiber die 
Regulierung der elektrischen Rindenaktivitat 
bei der Katze besprochen. 


The authors would like to express their deep 
gratitude to Professor G. Moruzzi for his constant 
advice and criticism during this experimental work 
and the preparation of this paper. 
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EPILEPSY IN CONJOINED SIAMESE TWINS 
IAN Hay Brown, M.D. 
Miami Valley Hospital, Dayton, Ohio 


(Received for publication: June 26, 1958) 


INTRODUCTION 


Conjoined twins were first described in the year 
375 A.D. There were many notable cases from that 
time on, but the term ‘‘Siamese twins’’ became 
popularized following the appearances of Chang and 
Eng (1811-1874) in the Barnum Circus in this country 
(Luckhardt 1941). The incidence of Siamese twins 
is difficult to estimate, but in larger cities there have 
ben reports of these births occurring in approx- 
imately every 60,000 to 80,000 deliveries (Mortimer 
et al. 1951, 1952; Potter 1952), while it has been 
estimated that world wide there is probably an 
incidence of survival of about one in every 2 million 
births (Aird 1954, 1955). The interest in Siamese 
twins in the past has been mainly obstetrical and 
anatomical, but more recently surgeons have been 
attempting to separate them with varying success 
(ig. Aird 1955; Grossman et al. 1953; Holgate et al. 
1956; Spencer 1956; Wilson et al. 1957). In spite of 
all modern advances, the total number of survivals 
is small and it is believed that at this time there are 
oly four sets of conjoined twins alive in the U.S. A. 

In the history of Dayton, Ohio, there have been 
four sets of Siamese twins delivered but the first 
survivors were Ronnie and Donnie G. who were born 
mm October 28, 1951. Although twins had been anti- 
cpated, the practitioner had considerable difficulty 
with the delivery. The head and shoulders of the first 
twin were easily delivered but when the trunk failed 
to exit, the doctor suspected that the umbilical cord 
had twisted round the body and in attempting to 
correct this he discovered that the reason for the 
delay was the fusion of the two trunks. Eventually 
the doctor was able to obtain a successful but belated 
delivery. The infants were in no apparent distress 
and weighed a total of 11% lbs. Im their early 
development there were no major difficulties. As can 
be seen from the photographs (fig. 1), the twins 
are thoracopagus, being joined below the _ xiphi- 
sternum, They have independent sets of all upper 
organs, including heart, liver, ete., but they share a 
common lower bowel and have a rudimentary uro- 
genital apparatus and anus which is essentially a 
tloaea (fig. 2, 3). As is so often the case with 
Siamese twins, Ronnie and Donnie were not quite 
symmetrical or identical and in earlier years Donnie 
was the larger twin and the initiator of most of 
their activities, mentally and physically. However, 
inthe past few years the roles have been reversed and 


Ronnie is now the larger and the leader. In walking 
the twins can move in the conventional way, but are 
more proficient when moving laterally. For increased 
speed they have developed a technique whereby, in 


Fig. 1 
Early photograph of the twins illustrating the area of fusion. 


[ 565 ] 


566 IAN HAY BROWN 


effect, Ronnie carries Donnie and only one set of legs 
is used. 

The twins were well until February, 1957, when 
Ronnie developed a high fever which lasted a few 
days. Two months later a similar febrile episode 


occurred, but as the twins were in circuit with 4 
carnival, no diagnosis was made in either instance and 
treatment was non-specific. These illnesses did reveal, 
however, the physiologic independence of the twins 
for Donnie was completely unaffected while Ronnie 


Fig. 2 
A catheter inserted a short distance into the cloaca enables dye to fill the common 


urethra and separate bladders. 


Fig. 3 
The same catheter as in figure 2 inserted further into the cloaca allows the common 
rectum to be filled. The separation into 2 transverse colons can be seen. 


vith 
ce and 
reveal, 

twins 
Ronnie 


was febrile and sick. In June, 1957, Ronnie began to 
have what were first believed to be ‘‘cramps’’ of the 
left leg at which time the leg was slightly raised 
fom the ground and appeared ‘‘stiff’’. The 
‘‘cramps’’ lasted only a few seconds at a time but 
even SO were embarrassing as they usually occurred 
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the twins were recommended to return home for an 
evaluation of this possibility. The physician who had 
brought the twins into the world some six years 
previously referred them to the EEG Department of 
Miami Valley Hospital in November, 1957, for 
study. On closer questioning of the parents, it was 


Fig. 4 
Electrode placements. 


in periods of excitement when Ronnie was running 
and as a consequence he would fall on top of Donnie. 
As weeks went by, it was noted that Ronnie’s left arm 
was becoming involved with these cramps, and later 
the picture included head-turning to the left, usually 
a fixed stare, which rarely was also to the left. In 
the course of the travelling around, no definitive 
diagnosis was made until the twins reached Arkansas 
where the diagnosis of epilepsy was considered and 
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revealed that ‘‘shaking’’ had occurred very rarely 
during the night and had been heard but mistaken for 
nightmares. 


TECHNIQUE 


With the unusual assignment given us, some care- 
ful planning was obviously necessary. It was decided 
that in so far as the history was not too clear, and 
because of the uniqueness of the situation, a 
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Fig. 5 
Simultaneous recordings on the twins showing different phases of sleep. Note also the 


prominent EKG artefact in R. Cent. lead of Donnie. 
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simultaneous recording from the two brains was most 
desirable. Silver cup electrodes (of the type sup- 
plied by the Grass Instrument Company) were affixed 
with bentonite over the frontal, central, occipital and 
anterior-temporal areas. An electrode was placed on 
the vertex and also one on each ear (fig. 4). An 
8-channel Grass console was employed for making 
simultaneous recordings from four comparable deriva- 
tions on each twin. Both monopolar and bipolar re- 
cordings were made. In addition a ‘‘cardiac’’ lead 
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RESULTS 


Before the recording actually began the phys. 
iologic independence of the twins was illustrated by 
the fact that one became asleep some 10 min. before, 
and in spite of, the other. The first pages of 
recording revealed totally different phases of sleep 
pattern for each twin and the difference remained 
throughout (fig. 5). In the early portions of the 
recording no abnormalities were observed in either 
twin, but there developed a high amplitude slow 4 
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Fig. 6 
The first 30 sec. of seizure activity beginning in the right central region of the affected 


twin. 
right-sided clonic seizure. 


was added to each intrasecapular region, the more 
desirable anterior position being impossible on account 
of the juxtaposition of the two chests. Even so, be- 
cause of the positions taken up by the twins, one 
lying on his back and the other over him on his chest, 
the task was not easy. It was hoped that both 
waking and sleep records could be obtained, but 
the former became impossible as the boys constantly 
fought and rolled over each other on the bed so 
that Seconal @® had to be administered. 


The muscle tension and movement artefact coincide with the clinical onset of a 
(Same scale as fig. 7.) 


per sec. wave in the right central lead of Ronnie 
which was followed a few seconds later by an increase 
in frequency of these waves with a spread essentially 
anteriorly (fig. 6). These were followed by a 
further increase in frequency and spread, and when 
superimposed muscle fast activity appeared it was 
observed that a right-sided clonic seizure was in pro- 
gress involving the leg predominately, but the arm 
as well, lasting about 50 see. In a much later portion 
of the record spike discharges were observed in the 
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right central region with a slight reflection to the 
left central region but with no spread to the re- 
maining right-sided leads. Throughout no abnor- 
malities were noted in the record of Donnie (fig. 7). 


The EKG riddle seemed to be solved rather early 
in the recording for EKG artefact could be detected 
in the monopolar recordings of both Ronnie and 
Donnie and it was observed that these artefacts were 
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EPILEPSY IN CONJOINED SIAMESE TWINS 


DISCUSSION 


With the exception of the case of the craniopagus 
Brodie twins (Durr 1952; Grossman et al. 1953; 
Sugar 1953), the data here presented are believed 
to be the first electroencephalographic recordings of 
epilepsy in Siamese twins. It is also of interest from 
the purely epileptic viewpoint that the seizure history 
indicated the earliest manifestations as tonic move- 
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Simultaneous record of the unaffected twin during the same 30 sec. period as illustrated 
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A section of the record where frontal leads of one twin were being run against the 
vertex of the other twin, revealing independent asynchronous EKG artefacts. 


synchronous. Using the ‘‘cardiac’’ leads the same 
results seemed to be the case, but by a lucky accident 
when the scalp leads of Ronnie were run to the 
vertex of Donnie two distinguishable rhythms could 
be identified and these were quite asynchronous, one 
around 90 beats/min. and the other around 83/min. 


(fig. 8). 


ments of the left leg, spreading in the course of 
development to other portions of the left side and 
finally revealing right-sided clonic seizures. The only 
EEG manifestations of seizure activity have been con- 
fined to the right central region even when the patient 
was having a clonic seizure on the ipsilateral side. 
This phenomenon has been seen by us previously in 
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a few cases, and of course reported by others (e.g. 
Penfield and Jasper 1954). The present EEG dis- 
turbance coincides very well with the earliest clinical 
manifestations of the seizure pattern, and this point 
has been clearly emphasized as being the most im- 
portant by Penfield. The etiology is a matter of con- 
jecture at the present time although it seems likely 
that some birth trauma and/or anoxia oceurred and 
that the febrile episodes early in 1957 triggered off 
the seizure mechanism. However, it should be noted 
that there is a strong hereditary factor present, for 
although neither parent has shown convulsive tenden- 
cies, there are many members of both sides of the 
family who have. On the father’s side, an uncle, 
female cousin and a nephew are known to have con- 
vulsions, while two male cousins of the mother are 


similarly affected. The very nature of the electro- © 


encephalographic and clinical phenomena, and _ the 
involvement in only one of identical twins suggest that 
heredity is not the main etiologic agent present. 


Since the original electroencephalographic examina- 
tion there have been two further examinations on 
Ronnie which have been essentially normal. The first 
of these was prompted by an acute increase in the 
number of seizures to about 10 a night when the child 
was placed on phenobarbital, and the second was a 
follow up after seizures were becoming rather infre- 
quent as a result of Dilantin @® and Tridione ® 
therapy. The twins are back on circuit with the 
carnival now and latest information indicates the 
latter combination of medication is proving effective 
in controlling the seizures. 


We were interested in the paper by Johnson and 
Doherty (1957) on the simultaneous EKG recordings 
on their twins, and the earlier portion of our record 
seemed to indicate a similarity between the two cases 
in that the hearts apparently beat in both cases at 
the same rates. However, the accidental detection 
of asynchronous rhythms in our case led us to wonder 
if we in our early observation and Johnson et al. in 
their case were actually recording impulses from one 
heart through the chest of the other. This point should 
be noted by future observers who know more about 
cardiology than we profess when EKG studies on con- 
joined twins are conducted, but thoracopagi present 
eonsiderable difficulties in this respect and much 
ingenuity will be required to solve this problem. 


SUMMARY 


The history is presented of conjoined Siamese 
twins, one of whom has developed epileptic seizures. 
The EEG simultaneous recordings of the twins and a 
clinical seizure of one twin are presented and dis- 
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cussed. The chances of directly recording a seizure 
in an epileptic conjoined twin is estimated as being 
in the neighborhood of one in 500 million. No attempt 
has been made in this report to discuss the general 
problem of conjoined twinning, theories of develop. 
ment, ete., for which adequate references exist (Aird 
1954, 1955; Dawson 1944; Dunbar 1934; Gray et al, 
1950; Luckhardt 1941; Mall 1908; Mortimer et al, 
1942; Perlstein et al. 1927; Potter 1952). 


Acknowledgment is made to Dr. A. Kuhr for the 
information given on the birth and development of 
the twins, and to Dr. J. G. Tye for copies of X-rays, 
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TRANSIENT ELECTROENCEPHALOGRAPHIC PATTERN CHARACTERISTIC OF 


SUB-ACUTE LEUCO-ENCEPHALITIS IN A CASE OF ACUTE HEAD INJURY 
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Clinica Delle Malattie Nervose e Mentali Dell’ Universita’di Padova, 
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Radermecker (1949), Cobb and Hill (1950), Goz- 
zano and co-workers (1950) and Martin and co- 
workers (1950) described an EEG pattern, which they 
considered to be pathognomie for sub-acute progres- 
sive encephalitis of the Van Bogaert (sub-acute 
sclerosing leuco-encephalitis) and Dawson (sub-acute 
inclusion body encephalitis) type. This pattern con- 
sists of periodic, brief, synchronous bursts of  ir- 
regular slow waves of high amplitude. The bursts, 
generally composed of a rather rapid, biphasic wave 
followed by two or three slow waves, occur against 
a background of depressed and disorganized slow 
activity. Complex motor manifestations (myoclonic 
or choreo-athetoid movements) appeared almost con- 
stantly in association with the slow-wave outbursts in 
the EEG. 


Most authors have confirmed these observations; 
some, however, deny the specificity of the periodic 
discharges described by Radermecker, Cobb and Hill 
et al., having met with an EEG pattern of identical 
appearance in other forms of diffuse encephalopathy 
with a wide variety of etiologies (Maleci 1951; Jones 
and Nevin 1954; Alajouanine et al. 1955; Terzian 
1955; Vizioli et al. 1955; Morocutti et al. 1957; San- 
guineti et al. 1952-1958; Pinelli et al. 1955-1958; 
Lesse et al. 1958; ete.). The greater part of these 
eases were affected by severe sub-acute infantile 
encephalopathies; in some the total regression of the 
clinical symptomatology and the return to normality 
of the EEG records was observed. 


A ease of acute head injury that presented a 
regular recurrence of brief, synchronous slow-wave 
bursts on EEG, with complete recovery, is here re- 
ported. 


CASE REPORT 


M. G. F. Male, aged 26. Severe head injury sus- 
tained in ear accident. On admission patient in 
rather deep coma, having completely lost touch with 
surroundings. Light hyperthermia; blood-pressure, 
pulse rate and respiration almost normal. Tendon, 
corneal and pupillary reflexes symmetrically somewhat 
diminished. Light diffuse muscular hypotonia. Pa- 
tient moved all limbs in response to pain. No ‘‘de- 
eerebrate attacks’’ or other abnormal movements ob- 
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served. X-ray of skull showed thin vertical fracture 
line (about 4 em.) on left side of occipital bone. No 
clinical evidence of intracranial haematomata, raised 
intracranial pressure or cerebral oedema. 


On the day after admission patient still practically 
out of contact with environment; almost unresponsive 
to various auditory and startle stimuli but responded 
to painful stimuli applied anywhere in the body. EEG 
then (32 hrs. after accident) showed periodic syn- 
chronous slow-wave bursts against background of de- 
pressed and disorganized activity. The burst, com- 
posed of a rather rapid biphasic wave followed by one 
or two high voltage slow waves, recurred regularly 
every 7-8 sec. Passive opening and shutting of eye- 
lids, various painful, startle and photic stimuli, single 
and rhythmical, did not modify the periodicity of 
these discharges or in any way influence the back- 
ground activity (fig. 1, A, B). The periodic bursts 
were not in any relation to the cardio-respiratory 
modifications. The recording was continued for more 
than an hour, but no variations of the EEG pattern 
were noticed. No abnormal movements observed. 


Cerebrospinal fluid of normal composition, slightly 
hypertensive. 

Patient gradually more alert and three days after 
admission able to recognize relatives, obey simple 
commands and hold a brief conversation, asking and 
answering simple questions. At times however 
drowsy, very confused, disoriented and restless. That 
day second record still very disorganized and flat, in 
all leads irregular slow waves (4-7 e¢/sec.) of low 
voltage prevailing; in posterior regions rhythm 6-8 
e/sec. visible (fig. 1; C). Such abnormal activity very 
little influenced by opening and shutting of eyes and 
by acoustic stimuli. Slow-wave discharges no longer 
observed. 

On following days improvement progressive and 
rapid. By fourteenth hospital day patient symptom- 
free. He only complained sometimes of a slight head- 
ache and had a prolonged (2-3 days), retro- antero- 
grade amnesia. EEG consisted of 10 ¢/see. rhythm 
of low voltage prevalent in posterior leads, regularly 
blocked by opening of eyes (fig. 2, A); hyperpnoea 
provoked somewhat marked slowing of cerebral bio- 
electrical activity. 
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Patient discharged after a fortnight. A month 
after accident record quite normal (fig. 2, B) and a 
year later no trouble noticed. 


COMMENT 


The favourable clinical progress ending in com- 
plete recovery, the diffuse symmetrical alterations 
and the successive return to normality of the EEG, 
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showed flat and disorganized tracings. In the first 
EEG no arousal reactions or any other changes to 
external stimuli were visible. 


Diffuse and symmetrical abnormalities and espe- 
cially EEG unresponsiveness to various stimuli are 
almost constant phenomena, carefully studied by 
Fischgold (1953, 1957), in post-traumatic comas with 
brain-stem damage, particularly if deep enough. The 
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L = left; R = right; F = frontal; C = central; P = parietal; O = occipital; T = temporal. Explanation 


in text. 


induce us to suppose that in this case the rather deep 
and prolonged post-traumatic coma was caused by an 
uncomplicated and not very severe brain contusion. 
Periodically recurring slow-wave bursts against a 
background of depressed activity, were observed in the 
first EEG (32 hrs after accident), not however in the 
second, recorded on the third hospital day, which 


absence of EEG reactivity seems to have considerable 
importance in indicating the depth of the unconscious 
state and to be useful for the prognosis, being gen- 
erally considered a sign of irreversible coma. It is 
important to remark that in sub-acute, progressive 
leuco-encephalitis and in the diffuse encephalopathies 
with similar EEG patterns that have been described, 
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arousal stimuli are generally without significant ef- 
fect. 

EEG flattening, so-called ‘‘ post-traumatic general 
suppression’’ is common in the days immediately fol- 
lowing acute head-injuries but does not appear to have 
any particular diagnostic and prognostic significance 
(Fischgold et al. 1946; De Vlieger 1958; De Stop- 
pelaar et al 1958; etc.). 

On the contrary, periodic, brief slow-wave bursts, 
considered by the greater part of the authors as spe- 
cific of sub-acute leuco-encephalitis with or without 
inclusion bodies, do not seem to us ever to have been 
observed in cases of post-traumatic coma. Only Fisch- 
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periodic phenomena are manifested only in particularly 
grave pathological states and are the expression of a 
deep disorganization of the cerebral electro-genesis. In 
order to explain this tendency to periodicity of cerebral 
biorhythms in conditions so different one to another 
as obtained in sleep and in severe diffuse encephalo- 
pathies of various etiology, numerous interpretative 
hypotheses have been proposed (PRampiglione et al. 
1953; Kirstein 1954; Terzian, 19553. Viazioh et al. 
1955; Andreani et al. 1955; Radermecker 1956; Mo- 
rocutti et al. 1957; Lesse et al. 1958). 

Particularly worthy of consideration are the views 
of Terzian (1955), who is of the opinion that path- 
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gold (1957) alludes to the possible appearance in 
slight post-traumatic coma of periodical discharges of 
slow-wave activity at sufficiently regular intervals, 
often corresponding to cardio-respiratory modifica- 
tions. In our case very interesting also was the com- 
plete and rapid regression of these unusual EEG 
abnorimalities, which were not accompanied by any 
particular motory manifestations. 

The problem of periodic EEG phenomena in human 
pathology is very complex, so much so that their ap- 
pearance is habitually met with in electroencephalo- 
graphy, above all in physiologic conditions, as for 
instance in sleep. Firstly, it must be noted that 


ologic periodic phenomena are brought about by those 
abnormal situations that determine the more or less 
complete isolation of the cerebrum from external 
stimuli. The appearance of the periodic discharges on 
EEG would in this case be directly in relation with 
the site of the gravest lesions, especially of those 
localized in the brain-stem and in the cerebral white 
matter. These lesions, that cause the transitory or 
progressive isolation of the cerebral grey structures, 
release their intrinsic bio-electrical periodicity, in 
particular that of the cortex, which in normal con- 
ditions is disorganized by the continual afferent 
impulses evolving right through the brain-stem forma- 
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tions (brain-stem activating system). The EEG un- 
responsiveness to the various arousal stimuli in such 
conditions may be explained in this way. 


It is known that in sub-acute, progressive leuco- 
encephalitis, with or without inclusion bodies, of which 
the periodic slow-wave bursts on EEG are one of the 
characteristics, the gravest alterations are observed 
in the cerebral white matter; diffused and more or 
less marked lesions are also met with in the cortex, 
basal ganglia and brain-stem structures. To these 
important lesions, symptoms of progressive decerebra- 
tion or decortication tipical of sub-acute leuco-en- 
cephalitis have been attributed by the greater part of 
the authors. Diffuse, severe alterations of the same 
central nervous structures were observed by Jones 
and Nevin (1954) and by Lesse and co-workers 


(1958) in the few cases of progressive encephalopathy, | 


having different etiologies but with identical periodic 
discharges on EEG, in which the autopsy was carried 
out. 


It is, therefore, very probable that the periodical 
bursts of slow-wave activity observed in our patient 
were, they too, the expression of a transitory state of 
cerebral deafferentation caused by sufficiently severe 
but reversible encephalic damage with prevalent in- 
volvment of the upper brain-stem centres. It is gen- 
erally admitted that in rather severe acute head in- 
juries oedematous changes of the nervous tissue set 
in, with alterations of the cells and, in particular, of 
the white matter of varying intensity, reversible or 
not, that may be diffused over the whole encephalon 
(Belloni 1954 et al.). It must be remembered that in 
some patients, victims of acute and apparently quite 
uncomplicated head injuries, who presented a clinical 
picture of decerebration or decortication until death, 
Strich (1957) observed extensive degenerations of the 
cerebral white matter, which had isolated large cortical 
areas from the lower centres, and brain-stem lesions. 


The widespread encephalic oedematous changes 
with more or less severe damage, sometimes even ir- 
reversible, of the nerve cells and their branches, pre- 
sumably explain the dynamic bio-electrical state in the 
days immediately following the acute head injuries, 
which often varied from hour to hour and from day 
to day. In fact the most different EEG patterns, 
often continually mutable and in direct dependence of 
the prevailing impairment of one or the other en- 
cephalic structure, are to be met with at this stage. 


SUMMARY AND CONCLUSIONS 


A ease of post-traumatic coma that presented on 
the first EEG, recorded 32 hrs. after the accident, a 
regular recurrence of brief, synchronous slow-wave 
bursts against a background of depressed activity, 
with complete recovery, is reported. 
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This EEG pattern, considered characteristic for 
sub-acute leuco-encephalitis with or without inclusion 
bodies, was observed by some authors also in other 
forms of diffuse encephalopathies, sometimes with 
favourable course, with a wide variety of etiologies, 


We are therefore of the opinion that this type of 
EEG pattern is not specific for a certain morbous 
condition but that it is indicative of diffuse en- 
cephalic damage with structural changes of the 
nervous tissue of varying severity, with prevalent im- 
pairment of the cerebral white matter and of the 
brain-stem structures, which may be transient or 
permanent and unspecific as to etiology. These 
alterations would bring about a condition of reversible 
or progressive and more or less complete deafferenta- 
tion of the cerebrum in particular of the cortex, re- 
leasing its characteristic tendency to’ produce periodic 
bioelectrical phenomena. 
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West Haven, Conn., and the Department of Internal Medicine, 
Yale University School of Medicine, New Haven, Conn. 


(Received for publication: July 21, 1958) 


The major potential hazard of electroencephalo- 
graphy and electromyography is the transmission of 
viral hepatitis. The increasing use of needle elec- 
trodes, which replace dise electrodes, is responsible for 
this danger. Needle electrodes, which can be intro- 


duced into the subcutaneous tissues almost painlessly, 


are faster, simpler, and establish better electrical con- 
tact than do the external dise electrodes. Unfortu- 
nately, needle electrodes do not withstand repeated 
sterilization by boiling or autoclaving. Although the 
practices of ‘‘cold sterilization’? by immersion in 
germicidal solutions or exposure to ultra-violet light 
are used in many electroencephalographic laboratories, 
these techniques do not destroy the virus-of hepatitis 
(Neefe 1946). 

Although no case of viral hepatitis has yet been 
reported-to have ‘been transmitted in this manner, it 
is almost certain that this mode of transmission oc- 
curs. Hepatitis previously has been shown to have 
been transmitted by contaminated needles, syringes, 
lancets, dental tools and tattoo needles (Capps-et al. 
1948; Smith 1950; Steigmann et al. 1950). The 
existence of healthy hepatitis carriers makes it almost 
impossible to avoid contamination of these needles 
(Stokes et al. 1954). The recent interest in the electro- 
encephalographic abnormalities of liver disease pre- 
sages increased risk of the transmission of viral 
hepatitis (Foley et al. 1950; Parsons-Smith et al. 
1957). 

The convenience and efficiency of needle electrodes 
would be more than offset by. the inadvertent trans- 
mission of viral hepatitis, or by the need to discard 
these electrodes after each usage. The purpose of this 
communication is to focus attention on this danger, 
and to describe a simple, inexpensive means of 
sterilizing these electrodes. 

The apparatus consists of a wooden electrode holder 
which allows immersion of the needle in boiling water 
without exposure of the heat labile portions of the 
needle electrode. It is made from a %” block of 
buoyant wood in which holes have been drilled accord- 
ing to the specifications in figure 1, or to support 
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similar electrodes of any size. The electrodes are 
inserted in these holes so that the needle portion pro- 
jects through the bottom, figure 2. The block with 


7 


The appar 
Fig. 1 
Cross section of wooden electrode holder showing (above) spe- 
cifications, and (below) needle electrode in place. 
Reference 
electi 


Fig. 2 
Enlargment showing needle portion of electrodes projecting 
through electrode holder. 


needles in place is floated in a water bath and boiled 
for 30 min. (fig. 3). The full length of the needle 
and its metal base are in contact with boiling water. 
As the water level recedes, the floating block keeps 
the needles entirely immersed. After sterilization the 


Fig. 3 
The apparatus as it appears at the conclusion of sterilization. 
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needles may be stored in sterile wrappings or a 
bactericidal solution until re-used. We have repeatedly 
sterilized needle electrodes over a period of six months 
without damage to them. This apparatus can be made 
in a few minutes in any simple carpentry shop at 
almost no cost. 


Although the method described herein is a simple 
inexpensive means of sterilizing needle electrodes, the 
manufacture of electrodes which can be autoclaved 
would be a completely satisfactory solution to the 
problem. 


The authors wish to thank Doctors Gilbert H. 
Glaser and Lewis L. Levy for their helpful sugges- 
tions. 
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LIMITES ET EVOLUTION ELECTRIQUE DE L’HYPSARYTHMIA ! 


D. Samson-Do rus, M.D. 


Rouen, France 


(Received for publication: 


Ce travail repose sur 35 tracés enregistrés chez 15 
enfants agés de moins de trois ans, avee des altéra- 
tions trés importantes de 1’électroencéphalogramme. 

Ces altérations sont caractérisées par: 1’absence 
compléte du rythme de base normal correspondant 4 
l’age; 1’existence de pointes et d’ondes lentes, et d’on- 
des lentes de trés haut voltage, survenant 4 1’état de 
veille, dans la plus grande anarchie. La tendance vers 
l’aplatissement périodique du tracé de sommeil. 

Parmi ces 15 enfants, deux groupes sont distin- 
gués d’emblée: 


400m, 215, 


Fig. 1 
LES. 2 ans. Tracé montrant l’aspect typique de V’hypsarythmia 
chez lV’enfant éveillée ou discrétement somnolente. 


Groupe I. Tracés d’hypsarythmia typique; 7 en- 
fants. 

Les altérations du tracé de veille sont diffuses et 
l’anarchie se retrouve aussi bien dans la topographie 
que dans la succession des images (fig. 1). Dans le 


1 Résumé d’un exposé fait le 8 février 1958 Aa l’H6pital 
de la Pitié, 
fance organisés par H. Fischgold et C. 


dans le cadre des séminaires sur l’EEG de l’en- 
Dreyfus-Brisac. 


September 19, 1958) 


sommeil profond, les altérations ont tendance 4 se 
grouper en bouffées périodiques (fig. 2). L’anarchie 
du tracé de veille persiste dans le sommeil. 


Groupe II. A la différence de l’hypsarythmia typi- 
que, on retrouve une ébauche d’organisation; 8 en- 
fants. 

Organisation topographique: 
dominent en avant, en arriére ou sur un hémisphére 
(fig. 3). 

Organisation pseudorythmique, une grande pointe 
diffuse parait survenir de fagon rythmique sur le 
fond pathologique de 1’EEG. Cet aspect est particu- 
liérement net dans le sommeil (fig. 4 et 5). 


les altérations pré- 


Ces deux groupes ont-ils la méme signification ? 
Etablis comme nous venons de le voir sur des carae- 
téres électriques un peu différents, ils ne présentent 
aucune différence du point de vue clinique: 
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Fig. 2 
Aspect périodique du tracé de sommeil profond 
les figures amples 
électrique. 


L. 4 mois. 
d’un enfant présentant une hypsarythmia ; 
sont séparées par des intervalles de « silence » 
(Montage référentiel. ) 

le retard psychomoteur existe toujours et il est pro- 
portionnellement d’autant plus important que la ma- 
ladie a commencé plus jeune, ou que 1’on se trouve 
plus prés de 1’épisode initial (fig. 6 A et B) ; 

l’histoire clinique comporte 1’existence de mani- 
festations critiques plus ou moins typiques, de ma- 
ou de troubles paroxystiques du tonus 
(ceux-ci ne sont pas toujours des spasmes en flexion, 
mais peuvent étre des spasmes en extension ou de 
bréves chutes de la téte) ; 


chonnements, 


1’étiologie est trés polymorphe dans le premier et 
le second groupe, mais ces syndromes électriques sem- 


blent ét: 
tieuse OU 
stétrical 
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ultérieurem 


R. 26 mois. 
rythmique « 
pathologiqui 


blent étre plus fréquents aprés une maladie infec- 
tieuse ou inflammatoire qu’aprés un traumatisme ob- 
stétrical (fig. 8) ; 

l’évolution clinique semble aussi grave dans les 
deux groupes; 1’enfant peut finir par avoir un déve- 
loppement physique et moteur, normal, mais n’a au- 
eune évolution intellectuelle (fig. 6), (l’un de ces 
enfants les plus atteints marche parfaitement, monte 


400,¥[ 18 
Fig. 3 
R. 26 mois. Tracé lézérement différent de celui de l’hypsa- 
rythmia. Ici, les altérations sont plus amples en arriére; 


2 mois plus tard, tracé typique d’hypsarythmia, qui a disparu 
ultérieurement. 
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Fig. 4 
Tracé de sommeil montrant l’apparition pseudo- 
fond trés 


cae 4 3. 


R. 26 mois. 
rythmique d’une pointe diffuse, survenant sur un 
pathologique. 
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AU. 17 mois. Tracé de sommeil d’un enfant n’ayant jamais 
présenté une hypsarythmia typique, mais qui, a lage de 
3 ans, n’a aucun contact avec son entourage, ne parle pas et 
marche seulement depuis deux mois. 


les escaliers, mais n’obéit 4 aucun ordre, ne joue a 
rien qu’& taper sur une balle ou a déchirer du 
papier). 

Du point de vue électrique, nous voyons que les 
tracés du groupe II peuvent précéder 1’apparition 
d’un tracé typique du groupe I ou groupe d’hypsa- 
rythmia. De méme, qu’un tracé II peut suivre un 
tracé I (fig. 7 et 8). 

En conclusion, nous avons comparé des tracés ty- 
piques d’hypsarythmia avee des tracés trés voisins, 
mais qui ne peuvent y étre rattachés que partiellement. 
Les uns et les autres peuvent se voir chez le méme 
enfant. 


CONCLUSIONS 
Le méme syndrome elinique comportant une dé- 
térioration psychique particuliérement sévére, 
ciée a des manifestations convulsives, survenant au 
cours des deux premiéres années de la vie peut 
s’accompagner de tracés de types différents. 


asso- 


Des manifestations convulsives ont toujours été 
rencontrées chez ces enfants, mais les typiques spasmes 
en flexion sont inconstants aussi bien dans le groupe 
de l’hypsarythmia que dans le groupe annexe. 

Les formes voisines de l’hypsarythmia ont la 
méme signification pronostique que 1l’hypsarythmia 
elle-méme: ce sont des tracés qui ont tous un earac- 


tére de trés haute gravité. 
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Fig. 6 A 


Tableau montrant l’évolution clinique schématique de 7 en- 
fants ayant présenté au moins une fois un tracé typique 
d’hypsarythmia. En ordonnée, les grands repéres de l’évolu- 
tion psychomotrice de l’enfant de 0 4a 36 mois (tient sa téte, 
tient assis, marche, parle etc.) ; en abcisse, l’Age. La diagonale 
montre le développement schématique d’un enfant normal; les 
7 autres courbes montrent le développement des enfants mala- 
des: plus la maladie commence tét, plus le développement de 
Venfant est retardé, plus la droite a tendance a se rapprocher 
de I’horizontale. 


Fig. 6 B 


Méme type de tableau que le précédent; celui-ci concerne les 
8 enfants ayant eu un tracé voisin, mais non typique d’hypsa- 
rythmia. 


RESUME 
Nous avons étudié 15 enfants a4gés de moins de 


3 ans, ayant eu des altérations trés importantes de 
leur EEG (35 tracés). 


1) Deux groupes ont été distingués. Dans le pre- 
mier groupe (7 cas), les enfants ont eu chacun au 
moins une fois un tracé typique d’hypsarythmia. 
L’autre groupe (8 cas) montrait quelques diffé- 
rences avec l’hypsarythmia typique. Ces différences 
portent soit sur 1’organisation topographique du tracé, 
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soit sur la succession des figures pathologiques (veille, 
somnolence, sommeil). 

2) Cliniquement, l’aspect est le méme dans les 
2 groupes. Une grande détérioration mentale est rapi- 
dement associée ou suit des manifestations convulsives 
de type variable. 
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Fig. 7 
Tableau * montrant: 
1) que sur 15 cas, la maladie s’est développée 9 fois aprés une 
maladie infectieuse ou inflammatoire, associée 4 des convul- 
sions; 4 fois, l’étiologie n’a pu étre précisée; 2 fois, la réa- 
nimation 4 la naissance est indiscutable (ces deux enfants 
sont les seuls décédés actuellement). 
2) V’age (donné en mois) est représenté sur l’échelle de gauche; 
sur chaque droite, la croix marque le début apparent de la 
maladie; chaque cercle marque un tracé EEG: les cercles 
blancs, les tracés sans rapport avec l’hypsarythmia; les cercles 
rayés, les tracés voisins de l’hypsarythmia; les cercles noirs, 
les tracés typiques. Divers types de tracés peuvent se suc- 
céder chez le méme enfant. 

3) L’étiologie est aussi polymorphe dans un groupe 
que dans 1’autre, avec une prédominance des étiologies 
aequises entre 2 et 14 mois, par rapport 4 1’étiologie 
néo-natale. 

4) L’évolution électrique montre dans le groupe | 
qu’un tracé absolument typique d’hypsarythmia pou- 
vait étre précédé ou suivi par un tracé du groupe II. 

5) Le pronostic mental est trés grave, quelque 
soit le type de 1’étiologie ou le type électrique. 

Le méme syndréme clinique peut done s’accom- 
pagner de tracés de types différents, mais toujours 
anormaux. Des manifestations convulsives ont tou- 
jours été retrouvées chez ces enfants, mais les typi 
ques spasmes en flexion sont inconstants dans les 


deux groupes. 


* Les parties de ce tableau montrant l’évolution électrique 
des cas enregistrés plusieurs fois ont été réalisées avec la 
collaboration de R. Dailly, C. H. de Menibus, F. Nicolle. 
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This communication is to amplify the information 
eoncerning the EEG given in a previous paper by 
Crawford and Robinson (1957). They reported the 
clinical and pathological findings in 5 eases of 
necrotizing encephalitis. In 3 cases EEGs had been 
earried out but no records were published. When we 
reviewed the EEGs it was seen that they had one 
feature in common; 
euring regularly at 2-4 sec. intervals. As this is a 
rare pathological condition and the EEG abnormality 
unusual we considered it reasonable to publish these 
records. The full clinical and pathological details are 
available in the previous paper (Crawford and Ro- 
binson 1957) and only brief summaries of the clinical 
histories of the three patients who had EEGs carried 
out and a general statement about the pathological 
picture need be given. 


At postmortem, the cerebral cortex was necrotic 
and soft with evidence of increased intracranial pres- 
sure due to swelling. Histologically the affected areas 
of cortex showed loss of all nerve cells and destruction 
of myelin sheaths with replacement by large numbers 
of swollen astroglia and microglial cells. Varying 
numbers of plasma cells and lymphocytes were also 
present and the overlying meninges were similarly 
infiltrated. Vascular damage was relatively slight 
and not sufficient to have caused the necrosis. Other 
parts of the brain only rarely showed patches of 
frank necrosis but there was widespread perivascular 
euffing. The cerebellum and spinal cord showed only 
slight changes. Demyelination was not a feature of 
these cases and was present only in the necrotic areas. 
No intranuclear inclusion bodies were found. 


CASE HISTORIES 


Case 1, K. M. female aged 30 years. Duration of 
illness 22 days. Sudden onset of coma, pyrexia and 
neck stiffness following a fit. Six days later a second 
fit occurred, and further frequent major fits affecting 
at times more one side of the body and at times the 
other side, preceded her death. 


EEG (1537) carried out 9th day of illness (fig. 
1A). There is no alpha rhythm. The record is 


generally abnormal showing diffuse slow activity. 
Sharp waves are seen in the right frontal region 
where they are sometimes focal and tend to oceur at 
regular 2 sec. intervals. 


that was repetitive waves 0oc- - 
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Case 3, P. J. McF. male aged 59 years. Duration 
of illness 22 days which consisted of a coma state 
with neck stiffness; no fits were reported. 


EEG (2880) carried out on 10th day of illness 
(fig. 1B). There is no alpha rhythm. There is diffuse 
theta activity which at times is of greater amplitude 
in the right frontal and left postcentral regions in 
which areas single waves at 2-4 /¢/see. oceur at 
fairly regular intervals of 3-4 see. 


Case 4, S. McK. male aged 2 years. Duration of 
illness 50 days. This consisted of a pyrexial illness 
with coma, neck stiffness, frequent fits, spastic para- 
plegia and opisthotonus. 


EEG (4851) carried out on 4th day of illness 
(fig. 2 A and B). No alpha rhythm seen. The record is 
dominated by diffuse low amplitude slow activity 
at 1 c/sec. Frequent left sided sharp waves are seen, 
occurring at regular 2 see. intervals, probably arising 
from the left parietal region. 


DISCUSSION 


Greenfield (1950) reported two similar cases but 
no EEG was mentioned. Van Bogaert, Cordier and 
Hennaux (1955) also published one ease and no 
EEG was earried out. However, Van Bogaert, Rader- 
mecker and Devos (1955) reported a case of acute 
necrotizing encephalitis in whom two EEGs were 
carried out. The records were abnormal and in one 
there were sharp waves, but from the specimens of 
record shown there is no evidence of repetitive waves 
at regular intervals. We should emphasise that this 
striking feature is not always bilateral and general- 
ised but is usually limited to electrodes covering 
limited areas of the scalp. The possibility that the 
abnormality might be due to artefact was considered 
but rejected as it seemed most unlikely that this 
artefact should be confined to the three cases of 
necrotizing encephalitis out of a total to date of 
16,000 EEGs earried out in this department. 


The EEG of subacute inclusion encephalitis and 
subacute sclerosing leucoencephalitis (Radermecker 
1949; Cobb and Hill 1950; Foley and Williams 1953) 
is different from the records described here, in which 
the periodicity is different, the intervals between the 
discharges are shorter and the complexes of shorter 
duration. Jones and Nevin (1954) describe a rapidly 
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progressive cerebral degeneration with mental dis- 
order, focal neurological disturbances and myoclonic 
epilepsy in two patients, a women aged 66 and a man 
aged 62. The EEGs in these patients showed re- 
errent sharp waves over both hemispheres at a fre- 
quency of approximately one per sec. Closely similar 
EEGs were described by Pallis and Spillane (1957) 
in three women aged between 45 and 55 years suf- 
fering from a subacute progressive encephalopathy 
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of the frequency of the repetitive discharges. In addi- 
tion the clinical picture is different; no myoclonus 
was observed and the course of the disease was more 
rapid in the patients suffering from necrotizing en- 
cephalitis. 

The authors quoted above stress the importance 
of subcortical structures in the production of the 
repetitive waveforms. The cases here described em- 
phasise the importance of the cortex in as much as the 
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Fig. 1 


with mutism, hypokinesia, rigidity and myoclonus. The 
EEG in this condition showed long runs of regular 
high voltage polyphasic complexes occurring at a 
rate of 2 per sec. 

The EEGs described in this communication fall be- 
tween the pattern associated with the subacute inclu- 
sion encephalitis group and patterns for the encephalo- 
pathies described by Jones and Nevin (1954) and 
Pallis and Spillane (1957) from the point of view 


cortex sustained the brunt of the disease process, and 
the EEG discharges appeared to be localised to 
definite cortical areas and were only rarely bila- 
terally synchronous or generalised. 


SUMMARY 


The EEGs of three cases of necrotizing encephalitis 
are reported. The records showed repetitive waves 
occurring regularly at 2-4 sec. intervals. 
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Reply to EEG JOURNAL, 3801 University Street, Montreal, Canada. 


The large majority of EEG machines used in the 
British Isles, and many used elsewhere, employ re- 


inherently subject to ‘‘ blocking’ ’. 

A simple device is described to eliminate delays 
experienced from ‘‘blocking’’ during routine record- 
ing from handling of electrodes, checking of electrode 
resistances, changes of connection pattern, ete. 

It is arranged to act upon the amplifiers at the 
first R-C coupling and consists of a set of relays 
arranged to connect the control grids of the valves 
of the following stage to earth when the machine 


Fig. 1 
Ediswan preamplifier showing anti-blocking relay arrangement. 


is not actually recording (fig. 1). This produces 
equilibrium in this coupling (and with it the following 
ones) very quickly. 

The method described above has been applied to 
an Ediswan Mark 2A machine, a type which shows 
severe ‘‘blocking’’ due to the long time constant of 
its first to second stage coupling and its use of two 


TECHNICAL NOTES 
Edited by H. SHIPTON, A. M. BRIT, LR.E. and F. BUCHTHAL, M.D. 


sistance capacity coupled valve amplifiers. These are 


A SIMPLE DEVICE FOR MINIMISING THE EFFECTS OF “BLOCKING” 
IN RESISTANCE-CAPACITY COUPLED AMPLIFIERS 


E. K. WITTRICK 
Neuro-Psychiatric Department, Musgrove Park Hospital, 
Taunton, Somerset, England 
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following couplings. The earth connections thus are 
made by standard Post Office type 3000 relays 
operated by a micro-switch and cam on the paper drive 
switch shaft. Four relays are employed, each serving 
two amplifiers. It is found desirable to delay the 
closure of the relays by about half a second by 
connecting a large capacitor across the relay coils 
(which are in series) to minimise inductive surges. 
The relays are energised when the paper drive is 
off, so that any failure in the relay chain does not 
prevent the machine working. The arrangement does 
not affect the frequency or phase response of the 
machine in any way. 

In this installation, delays due to the causes men- 
tioned are reduced to the order of 1 or 2 sec. It is 
also applicable to the elimination of ‘‘blocking’’ due 
to stimulus artifacts when cortical and other stimula- 
tion are employed, by the operation of the relay chain 
from the stimulation device. Where large changes, of 
the order of 1 V., in the D.C. input level are expected, 
some delay in accommodation of the electrode — first 
stage system is experienced as the time constant of 
the first stage anode resistors and coupling con- 
densers becomes important, and it is necessary to 
delay the closure of the relays by 3 to 5 see. in 
order to obtain a recording at the earliest possible 
point. This effect is less serious with pulses which 
return to the same D.C. base line, than with high 
amplitude D.C. changes. 


SUMMARY 


A simple device is described which ean be fitted 
easily and cheaply to any R-C coupled electro-phys- 
iological amplifier. It reduces blocking delays during 
routine recordings to the order of 1 second and those 
due to stimulus artifacts to the order of 5 see. 


The author wishes to thank Dr. R. Sessions Hodge and 
Dr. J. W. Warboys for their interest and encouragement: Miss 
M. A. Stephens for technical assistance and the Taunton 
Hospital Management Committee and Mrs. Basil Ronald for 
making the work possible. 
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A METHOD FOR RECORDING AND REPRODUCING PROGRAMMED STIMULI : 


A BASIS FOR ACCURATELY EVALUATING THE CEREBRAL ELECTRICAL 
RESPONSE TO SENSORY STIMULATION 1 


JoHNn Hunter, M.D.,2 C. Westey Watson, M.D.? and JOHN DEGELMAN 4 


Department of Neurology, Neurosurgery and Psychiatry, 
New England Center Hospital, Boston, Mass. 


(Received for publication: July 27, 1958) 


Intermittent photic stimulation with brief dura- 
tion, high intensity flashes, in addition to providing 
a versatile physiological stimulus for the research 
worker, has been established as an important activ- 
ating medium for routine use in the investigation of 
the epilepsies and for the routine screening of normal 
subjects in order to make manifest latent cerebral 
light sensitivity. 

Despite the widespread adoption of relatively 
standard photic test equipment, the results from va- 
rious electroencephalographie laboratories lack con- 
sistency. In small measure this variation is real, and 
is inherent to the test subject, but there is little doubt 
that a significant causal factor of variation in the 
same laboratory and in different laboratories is a 
lack of standardization in the application of the 


f photic stimulus. A need for standard test stimuli is 


especially important when it is necessary to make 
accurate, comparative tests on the same subject — as 
for example, in the assessing of anticonvulsant the- 
rapy. It is equally necessary for studying the effect 
of environmental changes on cerebral light sensitivity 
in individuals or in groups. 

To overcome this technical defect there has been 
developed an instrument, Stimulus Program Unit (fig. 
1) and a method, Stimulus Test Program, whereby a 
simple or complex stimulus pattern of preselected fre- 
quency and intensity parameters, or alternatively, the 
particular parameters found to be most effective for 
a given test subject at the time of initial testing, 
may be recorded and preserved on ferromagnetic tape 
and subsequently used to retrigger the photie stim- 
ulus generator. The technique is devoid of errors in 
playback over and beyond the entire clinically useful 
frequency range (1 ¢/sec.-50 ¢/see.) (fig. 2). The 
uit is simple in construction, and including the spe- 
al unit, is composed of relatively inexpensive and 


1This investigation was supported by the Research and 
Development Division, Office of the Surgeon General, Depart- 
ment of the Army, under contract DA-49-007-MD-734-01. 
2Department of Surgery, Harvard Medical School and 
Department of Neurosurgery, Boston City Hospital, Boston, 
Mass. 
_ 8Departments of Neurology, Neurosurgery and Psychiatry, 
New England Center Hospital. 
4 Department of Biology, Boston University, Boston. 


To simplify operation, 


easily obtainable components. Operation of the unit 
is easy and is aided by color coding of all controls. 


The Stimulus Program Unit 


Initial work on this project indicated that the 
major difficulties to be overcome, and those which 
led to an unfaithful reproduction of a program record- 


STIMULUS PROGRAM UNIT * 


PULSE 
GENERATOR 


TAPE TRANSPORT 


STOP AND 
START CONTROLS 


HEAD DEMAGNETIZER 
SWITCH 


PHOTIC GENERATOR 


PREAMPLIFIER 
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PREAMPLIFIER 
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AUDIO AND OTHER 
INPUT CONTROLS 


HEADPHONE JACK 


AUDIO AMPLIFIER 


LOUDSPEAKER 


Fig. 1 
all record controls are labelled with 
a red dot and all playback controls with a green dot. 
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ed on tape were, firstly, distortion of the form of the 
recorded trigger signal by the tape itself, and, second- 
ly, variations in the amplitude of the trigger signal. 
These latter resulted whenever a change of lamp 
intensity was effected, or they sometimes arose as a 


result of recording distortion. Although it was re- 
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Photie Generator (Model P.S. 1). To effect playback 
these pulses were used as input signals for a Photie 
Generator Drive Unit 1 which reshaped the signal ty 
a more optimal form for triggering the Grass Photic 
Generator (optimally a negative 50 V., 1 msee. pulse), 
This method did not prove to be satisfactory. Constant 


RECORD -°+ 
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Fig. 2 
Ink writer monitor record - playback signal comparison over the range 1-2 flashes/sec. - 36 flashes/sec. 


alized that the above difficulties could, in great 
measure, be overcome by using expensive high fidelity 
recording techniques or, alternatively, by a frequency. 
modulation of the recording signal, a simpler method 
was sought and led to the development of a relatively 
inexpensive pulsing unit. This unit makes the tech- 
nique applicable to almost any tape recorder and is 


STIMULUS PROGRAM 


adjustment of the recording level was necessary with 
and without light intensity variations; constant ad- 
justment of the photic drive unit potentiometer during 
playback was essential and cross modulation of the 
photic program channels added irregularities from 
the adjoining audio program on the second tape 
channel. Unsatisfactory, also, was a method which 
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Fig. 3 
Stimulus program unit component schema. 


the basic component of the stimulus program unit 
(fig. 1). 

Prior to development of the pulsing unit, direct 
recordings were made on tape of the various output 
pulses available from the Grass Instrument Company 


1 This unit, originally described by Walter, Dovey and 
Shipton (1946) for synchronizing a photic generator with either 
analyzed or unfiltered brain rhythms, was made by the Grass 
Instrument Company. 


utilized the output of a photocell as a tape input 
signal. The chief disadvantage of this system was 
the variation of the trigger pulse as the result of a 
variation in light intensity. It did, however, serve to 
eliminate double pulses which, in the former method, 
were frequently encountered as output signals from 
the photie generator. By the use of the modified 
Schmitt trigger circuit it was possible to effectively 
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gvercome problems of double input pulses, cross modu- 
lation distortion, distortion of the wave form by the 
recording medium, the need for critical recording and 
playback adjustments and alteration in trigger pulses 
by variations in light intensity. 

The stimulus program unit is designed for the 
programming of photic, sonic, or other intermittent 
stimuli, as well as for the recording of speech or music. 
The stimulus signal derived from a generator is the 
input to the pulsing unit. In the instance of the 
Grass Photie Generator (Model P.S. 1) this signal, 
obtained from the output labelled ‘‘Signal marker for 
EEG pen’’, is at intensity setting 1, a 5 V. saw-tooth 
pulse of positive sign and of duration 3 msec. Its 
amplitude varies with light intensity variation, In 
order to preserve an EKG signal marker, this output 
is paralleled. The arrangement of components is shown 
in the schema figure 3. 

The pulsing unit is essentially a modified Schmitt 
(1938) (see also Chance 1949; Puckle 1955) trigger 
circuit whose output is a negative 50 /V. square 
wave of 1 msec. duration irrespective of phase. 
This voltage range accommodates the entire range 
of the intensity control of the Grass Photie Gen- 
erator. The output is independent of a change of 
input wave form providing that the wave form has 
a frequency component of not less than 1 ¢/see. To 
effect playback, the recorded tape signal, now fre- 
quently biphasic due to distortion by the recording 
medium and with altered rise time, is applied to the 
input of the pulsing unit; the constant output now 
becomes the input trigger for the photic generator. 


In instances where stimuli other than photie are 
required to be programmed, e.g., sonic ‘‘white noise’’ 
from a wide band noise generator, the sonic gating 
circuit timing pulse is substituted for the photic 
generator pulse (Hunter and Watson 1958). Play- 
back, as before, is obtained by reshaping the tape 
signal and using it as the timing pulse for the gating 
circuit. Similar modifications might be made for 
other signal sources and effector units. 


The second tape channel is available to record 
patient subjective sensations as well as significant 
observer remarks during flashing. It also serves to 
convey cues for a manual change of light intensity. 

The stimulus program unit photic generator pro- 
vides the standard frequency range of single flashes 
as well as coupled flashes separated by a variable 
delay. When it is desired to produce longer trains 
of regularly cycled interrupted stimuli, these may be 
effected by external gating circuit or by the use of 
two stimulators. Binding posts are available for these 
connections. 

Intensity control, at the present time, is manually 
operated. An inaudible signal carried on the audio 
tape could be utilized to effect this control auto- 
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matically. In order to extend the control of intensity 
beyond that provided by the standard position switch 
on the Grass Photie Generator, a series of capacitor 
decade boxes have been connected in parallel in place 
of the five standard capacitors connected to the in- 
tensity switch. For practical purposes a continuous 
control is thus obtained as well as an extended inten- 
sity range. (Intensity controls are not shown in fig. 1.) 

The prototype stimulus program unit comprises 
the pulse generator; a Grass Instrument Company 
Photic Generator Model P.S. 1; two 30W reeord/ 
playback Viking tape preamplifiers Model R.P. 61; a 
Viking #75 tape deck; one Grommes # LJ5-10W 
amplifier; one Ampex head demagnetizer; one 6 inch 
loudspeaker. The various units are mounted on a 
mobile rack (fig. 1). 

The photic generator is located at an optimum 
level for operation by a seated technician and may 
be used independently of the tape recorders. 

Once recorded, programs are reproducible on the 
original unit or on similar equipment. If necessary, 
e.g., use at recruit or employment screening centers, 
the stimulus program unit could be reduced to a 
portable size by the use of standard miniaturizing 
techniques. 

Stimulus test programs may be arbitrarily con- 
structed, as far as it is possible to do so, to inelude 
the range of stimulus variation to be encountered in 
a particular environment. Alternatively, individual 
patterns may be constructed on the basis of effective- 
ness in producing an EEG change at the time of any 
examination. Test programs comprising combined 
photic and sonie stimuli may be readily produced 
with the stimulus program unit. 


DISCUSSION 


The important parameters of repetitive photic 
stimuli comprise: (1) flash duration; (2) flash in- 
tensity; (3) flash color; (4) flash frequency; (5) 
duration of dark period; (6) total average illumina- 
tion. An additional factor of importance is ambient 
light intensity at the time of examination. 

The stimulus program unit provides, or allows, 
accurate control and calibration of each of these 
parameters with the exception of flash duration. Va- 
riations in this latter parameter are presently being 
studied and will be reported on at a later time. 
Ambient room lighting is ealibrated and controlled 
separately. While the value of stimulus test programs 
must not be overemphasized, they must nevertheless 
be recognized as being prerequisite to any study under- 
taken to evaluate variations observed in light evoked 
EEG and elinical responses. 

An accurately reproducible stimulus test program 
satisfies the following needs: 

1, A standardized source of comprehensive and 
accurately repeatable stimuli for the detection of ab- 
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normal light stimulus sensitivity in individuals or in 
group testing, e.g., helicopter pilot recruits; public 
transport vehicle operator applicants; family groups 
where genetically determined cerebral light sensitivity 
(Davidson and Watson 1956) is suspected. 

2. A prerequisite to the quantitative measurement 
of degree of cerebral light sensitivity in the human 
subject (or in the animal) made light sensitive, as by 
Metrazol. 

3. A prerequisite for accurate assay of therapeutic 
effectiveness in light sensitive human subjects. 

4. A means of preserving and presenting as often 
as is needed, a controlled stimulus pattern of flickered 
light, or of other sensory modalities, in various re- 
search applications. 


SUMMARY 


It is suggested that inconsistencies in the effective- 
ness of intermittent photic stimulation as an EEG 
activation technique in the same laboratory and in 
different laboratories are, in part, the result of a 
widely varied programming of the photie stimulus by 
the technician applying the test. It is also pointed out 
that a need exists for programmed stimuli to enable 
eritical evaluation of cerebral sensitivity to light 
both for diagnostic and therapeutic purposes. Hitherto, 
in many instances, it has been impossible to evaluate 
whether certain changes in light sensitivity as record- 
ed on the electroencephalogram were ascribable to 
the patient or to the technique. Standardized testing 
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is also required in order to effectively screen members 
of families in the study of genetic cerebral light 
sensitivity, as well as cerebral light sensitivity arising 
from other causes and to detect light-sensitivity in 
individuals in order to exclude them from hazardous 
occupations, e.g., helicopter pilots, recruits, publie 
transport operators, etc. 

To this end a Stimulus Program Unit and ferro- 
magnetic tape Stimulus Test Programs have been 
developed. The unit is simple to operate and highly 
reliable. The programs may be prepared in advance 
for mass screening purposes or prepared, at the time 
of the initial EEG examination, for individual cases, 
The unit and programs are considered to be a pre 
requisite for any precise studies on the detection, treat- 
ment and investigation of cerebral light sensitivity, 
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A TRANSISTOR TIMED STIMULATOR 1 


José M. R. DeLtGapo, M.D. 
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Many methods have been devised for electrical 
simulation of the brain of unanesthetized, unre- 
strained animals. In some of them leads were im- 
planted within the brain with terminals outside the 
salp that could be connected to appropriate instru- 
ments during the experiments. The main limitation of 
these techniques was that the connecting leads imposed 
sme restriction of movement. However, they have 
been successfully used by many authors (Hess 1932; 
se reviews in Delgado 1955, 1958a). 

To avoid any disturbing manipulation of the 
aimal during stimulation other methods were de- 
veloped, based on remote control activation of a small 
implanted receiver (Chaffee and Light 1934; Clark 
and Ward 1937; Fender 1937; Gengerelli and Kalle- 
jian 1950; Harris 1946; Loucks 1934; Verzeano and 
French 1953). The absence of connecting leads and of 
skin trauma was an advantage, but some handicaps 
should be mentioned: in general only one cerebral 
point could be studied and direct recording of brain 
deetrical activity was not possible. Also in some 
cases the need to orientate the secondary coil im- 
jlanted in the animal, with respect to the primary, 
imposed a greater restriction on the subject’s move- 
ments than the connecting leads had done. There was 
till another problem, common to all remote control 
methods, including the radio frequency carriers: the 
intensity of brain stimulation depended upon the 
intensity of the received signal. Changes in the 
entation of the receiving antenna, the distance 
fom the emitting source, obstacles between the two 
(uch as another animal), ete., could change the 
intensity of brain stimulation in some unpredictable 
way. Since it was not possible to monitor the stimu- 
ition, voltage and amperage could not be measured. 


A new approach to these problems led to the 
construction of the transistor timed stimulator 2 which 
is the subject of this paper. First, 12 to 24 leads 
were implanted in each monkey. The terminal sockets 
merged from the sealp at the back of the head, 
weording to a previously deseribed technique (Del- 
gado 1952, 1955). After the skin around the im- 


—_— 


_ 1This research was supported by grants from The Founda- 
lions’ Fund for Research in Psychiatry, the United States 
Public Health Service, and the Office of Naval Research 
69(08). Reproduction in whole or in part is permitted for 
ily purpose of the United States Government. 

2The transistor timed stimulator may be ordered from 
Mr. R. G. Williams, Blue Hills Road, North Haven, Conn. 
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planted electrodes had healed (1-2 weeks) subcutaneous 
leads made of stainless steel, .07’’ diameter, insu- 
lated by quadruple teflon, were introduced between the 
base of the socket and the back of the neck. A #22 
intramuscular needle was used to pass the leads under 
the skin, a procedure as simple as giving an injection. 
A tiny stimulator attached to a collar was then put 
on the monkey and connected by the subcutaneous 
leads to any chosen terminals of the intracerebral 
electrodes. Three problems were solved in this way: 
(i) we could explore many cerebral areas; (ii) we 
eould monitor the stimulations from time to time, 
using connecting leads between monkey and oscillo- 
scope; (iii) we could register the electrical activity 
of the brain (with the animal under some restraint). 

The transistor stimulator. Several electronic at- 
temps to avoid changes in stimulation output produced 
by changes in the received signal, failed, and a 
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Fig. 1 
Diagram of the transistor timed stimulator. 


mechanical electronic solution was found (see fig. 1, 
2, 3). A multivibrator was constructed with two 
CK822 junction transistors running at a frequency 
of 100 e/see. The waves were rectified through a 
diode (IN34) and the output, between 0 and 20 V., 
was controlled by a 5,000 ohm potentiometer which 
was the only dial on the instrument and could easily 
be adjusted by hand. The shape of the pulses was 
exponential fall as shown in figure 2, with a pulse 
length of 0.05-0.1 msee. Power was provided by a 
2214 V. battery (Burgess Y15); on a few occasions 
a 30 V. battery was used. All parts were sub- 
miniature and the total size of the instrument was 
only 3 x 1% x 1 em.; the separately mounted battery 
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measured 5 x 14% x % em. The stimulator, tested in 
15 monkeys, was shockproof and gave reliable stim- 
ulations. 

The battery was connected to the stimulator 
through a timing device constructed within a small 
shock resistant wristwatch. Tiny wheels of plexiglas 
with a small contact in the axis were inserted into 
the pivots of the second and hour hands. One contact 
was calculated for 5 sec. and the other for an hour. 
Whiskers of piano wire established each contact with 
‘“ground’’ in the watch. In this way any of the 
following stimulations could be programmed: (i) 


Fig. 2 
Upper channel: pulse from the transistor timed 


stimulator, at full amplitude (20 V.). Lower 
channel: 0.1 msec. pulse from a Grass stim- 
ulator. 

5 sec. of stimulation every minute for 1 hour 


every 12 hours; (ii) 5 sec. of stimulation every 
minute continuously; (iii) one hour of continuous 
stimulation with predetermined beginning and end; 
(iv) continuous stimulation. By changing the size 
of the contacts in the plexiglas wheels a _ great 
variety of stimulation program could be established. 

The routine was as follows: the monkey with im- 
planted cerebral electrodes and a dummy collar ran 
free in its cage. Before the experimental day the 
animal was lightly restrained and all the cerebral 
contacts were tested with the transistor stimulator 
and monitored by an oscilloscope. Thresholds and 
effects were noted. The next day the collar stimulator 
was put on instead of the dummy, voltage and timing 
were set, and selected cerebral points connected. The 
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monkey was then returned to its cage where pro. 
grammed stimulation started one or several hour 
later, and we could observe or photograph the evoked 
effects. 

For the past years we have successfully usej 
this method, especially to study the effects of brain 
stimulation upon social behavior, recorded by time. 
lapse photography. 


Fig. 3 
Transistor timed stimulator attached to monkey’s collar. 


A monkey wearing the stimulator is shown i 
figure 3. The timer is visible on the left side of the 
neck and the stimulator is the small object on the 
upper part of the collar. The animals usually be 
came accustomed to the dummy collar and later dil 
not tamper with the stimulator. The other animal 
might be curious about it for a while but the 
proved to be very considerate. We have seen thew 
grooming each other, and gently lifting the collart 
reach the skin underneath without paying mut 
attention to the stimulator; the instrument graduall 
seemed to be considered part of the animal. Result 
obtained with this device will be published elsewher 
(Delgado 1958b). 


SUMMARY 


Our technique of permanently 
trodes, combined with a miniature transistor stil! 
ulator and a timing device, permitted a well co 
trolled electrical stimulation of the brain in monkeys 
with unlimited freedom of the animals. 

The physical characteristics of the pulses wet 
unidirectional exponentially falling waves of 100 ¢/set. 
pulse duration of 0.05-0.1 msec., varying from 0 
20 V. 
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With this method many cerebral areas could be 
explored in the free subject, and by using some 
restraint it was possible to monitor the stimulation 
by oscilloscope and to record the electrical activity 
of the brain. 


I should ijike to thank Mr. R. G. Williams, for his 
skillful collaboration and ingenuity in the develop- 
ment and construction of the instrument. I should 
also like to thank Dr. Junji Ushiyama and Mr. Was 
Litvenko for their help in some of the electronic pro- 
blems, and Dr. Harold Lamport for our useful diseus- 
sions. 
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SIMULTANEOUS TWO CHANNEL FREQUENCY ANALYZER 
WITH NON-ELECTRONIC (PASSIVE) FILTERS ! 


MELVIN MEISTER, ROBERT S. SCHWAB, M.D., ELIZABETH PETERSEN, B.A. 
and ALBERT Grass, B.S. 
Electroencephalographic Laboratory, Massachusetts General Hospital, 
Boston, Mass. 


After 10 years experience with the Walter type of 
single channel electronic wave analyzer we felt the 
need of a more practical and useful, and perhaps less 
complicated, electronic device for use in a clinical 
EEG Laboratory. In spite of better vacuum tubes 
and cireuits there still is some instability of the 
vacuum tube tuned oscillating circuits. We felt the 
restrictive requirements of analysis of only one 10-see. 
epoch to 2 electrodes (one channel) every 30 sec. made 
check of any analysis against two other points too 
difficult. Finally, the demand of such an instrument 
for proper performance on the constant presence 
of an experienced electronic engineer for maintenance 
led us to look for an instrument with the following 
characteristics: 

(1) The filter or tuned element would be a pas- 
sive (non-electronic) capacitor-inductive sealed net- 
work of constant stability never requiring tuning or 
adjustment. 

(2) There would be simultaneous write-out of 
the analysis of two channels at all times so a check 
of one analyzer against its mate would be as easy 
as a voltage calibration of any two channels. 

(3) The write-outs would be directly over the 
primary trace of the channel being analyzed eliminat- 
ing the need of a channel marker. 

(4) The frequency bands analyzed would be limited 
to those of direct clinical interest (eight for each 
channel) and changing these would be possible by 
simply plugging in other filter elements without 
requirements of extensive adjustments, tuning, or re- 
placing of circuit elements. 

(5) The duration of the so-called epoch could be 
altered by one switch control from as short as 4 sec. 
to as long as 1 min. 

(6) One switch would control the _ pre-filter 
amplifiers so a single write-out would indicate over- 
loading. 

(7) It is hoped that when fully developed it will 
not require the constant services of an electronic 
engineer. 


1 Read at the annual meeting of the American Electro- 
encephalographic Society, Atlantic City, Jume 14, 1958. 


(Received for publication: August 23, 1958) 
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The Twin Channel Frequency Analyzer consists of 
two identical channels with each channel analyzing 
eight frequency bands. The analyzer provides infor. 
mation that approximates the Fourier Analysis of 
the complex EEG wave form. 


THE FILTERS 


These were especially designed and constructed, 
They are absolutely stable with temperature changes, 
vibration, continued use or excessive transients. They 
cover a full cycle with flat top and only spread into 
adjacent bands by 10 per cent. 

The frequency sensitive units are simple passive 
resonant circuits with a constant Q of 7.5. The 
coils were wound on cores of hypermaloy ultrathin 
gauge 79 per cent nickle alloy and while no attempt 
at miniaturization was made in this prototype it is 
predicted that both size and cost will compare favor- 
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filters is no greater than 1 per cent over the dynamic 
operating range. The filters are stable and require no 
adjustment. 

Figure 1 shows the graph of the amplitude-fre- 
quency characteristics of the filters with one rep- 
resentative response curve completed. 

The write-out display for each analyzer channel 
is an eight line histogram written directly over the 
EEG record in the channel being analyzed. The length 
of each line of the histogram on the time axis of the 
EEG chart is proportional to the energy in the ecor- 
responding frequency band. The analyzer writes out 
at the end of each epoch, but the write out unit 
is physically displaced (see fig. 2) so that the display 
appears at the beginning of each epoch on the EEG 
record. 

Epoch time, write out time and reset time of both 
analyzer channels are controlled by the Basie Timer 
which produces gating pulses of 10, 2 and .25 sec. 
respectively. 

The output from each filter is amplified and 
presented to the corresponding Feedback Summator 
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(fig. 3). The Feedback Summator changes the 
Storage Capacitor to a voltage proportional to the 
total energy contained in the frequency band of the 
associated filter, during the 10 second epoch. (Epochs 
of more or less than 10 see. can be obtained by a 
simple adjustment of the Basic Timer.) 

During the 8 sec. when the write out pens are not 
writing, energy from the Storage Capacitors is trans- 
ferred to the Write Out capacitors in the Voltage- 
Time Transfer circuit. At the end of the epoch the 
storage capacitor discharge is initiated by the .25 sec. 
reset gate and a new storing cycle begins. 

The write out gate is also coincident with the end 
of an epoch and performs the following functions: 

1. Operates the Solenoids which allow the write out 
pens to contact the chart paper. 
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2. Clamps the voltage on the write out capacitors 
so no further storage will occur during the write out 
period. 

3. Permits the linear discharge of the write out 
capacitors in the Voltage-Time Transfer circuit 
(fig. 4). 

During the write-out period the write-out capa. 
citors are discharged at a constant rate providing 
linear voltage time relationship as shown in figure 4, 
This linear voltage slope is sampled by a voltage 
comparator which operates the pen lifting solenoid 
when the discharge voltage reaches a predetermined 
value. As the chart speed is constant and the relation 
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of time to discharge voltage is linear, the length of the 
line on the chart is proportional to the value of the 
voltage stored on the write-out capacitor at the be 
ginning of the write out period. 

Each analyzer channel has its own gain contro 
so that signal levels to the analyzer can be adjusted 
without interfering with the EEG trace calibration. 
The Twin Channel Analyzer can be driven from any 
two selected EEG channels. Deviation in write-out 
between two analyzed channels with identical inputs 
does not exceed 5 per cent. 

Figure 5 shows the response of the Twin Channel 
Analyzer to the output of a simple non-linear mixin 
circuit driven by signals of 13.9 and 8.0 ¢/sec. Note 
that the difference frequency of 5.9 ¢/see. which is 
produced in the mixing circuit is indicated in the 
histogram line corresponding to the filter with : 
maximum response at 6.1 ¢/sec. 


RESULTS 


For this technical report of a two channel fre 
quency analyzer it was considered advisable to preset! 
results obtained under as standardized conditions 4% 
possible in order to better evaluate the performant 
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of the apparatus. Normal controls in good health and 
between the ages of 20 and 40 years were selected for 
study. Presumably any pathological asymmetry of 
voltage and frequency was therefore eliminated. 
Surface electrode placements were measured by the 
Ten-Twenty system. Resting records and responses 
to intermittent photic stimulation were studied. The 
intensity of the stimulating light (Grass photo stim- 
ulator) and its distance from the eyes of the subject 
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were kept constant as was the background illumination 
of the recording room. Similar parietal-occipital elec. 
trode linkages were studied so that a comparison of 
analyzer recording gains could be made. 

An essential part of each EEG recording con. 
sisted of a calibration check utilizing identical and 
simultaneous inputs to the two analyzer units. Figuy 
6 represents the resting EEG of a subject (T.M. 
who was allowed to become drowsy during the testing 
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period. Identical electrode linkages were selected for section of figure 6 to illustrate the mean frequency 


= the analyzed channels and it is immediately apparent shift from 10.5 per sec. to 9.1 and 5.4 per sec. 
elee- that the apparatus was operating within an acceptable Figure 7 is an analyzed EEG sample of the same 
id margin of error. A sample of the subject’s waking subject being flashed at a rate of 6.9 per sec. (flash 
ai EEG involving the same linkages appears on the lower rates were determined by counting 10 see. periods, 
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gure LMet-L Par sehtiidintci-daeduoenttedtan babe dibepitnndeaspengmnaniitnlic ranean pnieajamiehelpupenesiinailitiiene 

M. BSS Rens . : a 

ting LPar-L Occ Sed casita lieinetinapiihinrnsthiseaajhiiteiintininmanenins Nn RAIA oa eines 


LOce-Lsus PR TEES ORAS ES ONE Oe Sd LD Oe ORE EP TCT SOE ON SRM Soe Oe BO 


LIGHT STIMULUS= 10.6/SEC. 


Mid Par-Mid Oce wien ny rynrnnnnvrnnnnt hf Nrmany Naya NAA P P 
R Mot-R Par sabnbielactacielntbineapthvinbncciiplisnnadinttastnpliinicxint ALIN IRL LON AOD LA LILIAN ppl OINEY 


pepo nnirnannynntechebnehiitgieds 


10 ———_- =! | L bee tle 


Rt 


Fiz. 10. (See text). 


L Par-LOcc nw. ane-¥ 


WT 


L Oce-LsusOce “iw WY 
LIGHT STIMULUS = 9.5/SEC. 


! | 
' 
' 


| 
| 
es | ahs ae j | } 
Pee ae ee ae | | | ha! vee 
oem feeweueeuuent fUeverese ven! yawevue aatid, phe Deere dedrdrdetene Ate at Shits 
! re) | | a ae | rT 7 
| | 


| | aa ae | | ae Teer ees cee | 

SO EEE EEE EEE 
RAR ELEMENT EETETTDETETTTTEPETTTTT TT TTTPMTTT TTT TTT 
PUT tL EETEETEEEEE EEE EEE EEE 
Fae 8 Ree as Mngt | bape AIR haiti ereiiadadinahahnbal dAnetetsavttnd 
se Pe raee |. pea 1a | | ry 


| — 
— 


ROcc-Rsus Occ} 
5.4 
6.1 one = 
1.90 ———+- = 
so —_— = 
= 
a¢—— 


I 
| SECOND [ sopv 
Fig. 11. (See text). 


600 


and the subjects’ eyes were closed). The analyzer 
write-outs demonstrate the presence of a symmetrical 
response at the flash rate and its first harmonic with 
some residual of the resting frequency, as demon- 
strated at the bottom of the figure. Muscle artifact 
involving electrodes on the left parietal and occipital 
areas would ordinarily have made recognition of this 
frequency distribution difficult. 

In figure 8, a representative sample of another 
normal subject’s (L.T.) resting EEG indicates a sym- 
metrical dominant mean frequency of 10.5 per sec. 
When this subject was flashed at a rate equal to 
one-half her resting frequency (fig. 9) maximum 
responses were present at 5.4 and 10.5 per see. In 
addition, there was an increase of 7.0 per sec. activity. 
The apparent presence of more 5 per sec. activity on 
the left than the right was confirmed by the analyzer. 
It would be difficult, however, to determine the slight 
increase of the 9 per sec. frequency on the left 
without the analyzer. 

These slight variations in responses between the 
two hemispheres of the same subject were also ap- 
parent when she was flashed at a rate closely ap- 
proximating her resting frequency. An increased re- 
sponse at 10.5 per sec. (fig. 10) on the left in 
addition to a questionably significant increase of 5.4 
per sec. activity can be observed. It is of interest 
to note the gross similarity in pattern between the 
resting occipital rhythms of this subject and her EEG 
response to a flash rate which equals that rhythm. 

Figure 11 illustrates the use of the analyzer in 
evaluating EEG responses to flash rates which are 
slightly lower and higher than the subjects’ resting 
frequency. As indicated by the sample at the bottom 
of figure 10, this normal control (W.S.) exhibited 
a dominant resting mean frequency of about 10.5 per 
sec. When he was flashed at a rate of 9.5 per sec., 
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there was a bilateral response at this frequency, 
although an increased component of his resting fre. 
quency is more noticeably present on the left than 
on the right. 


CONCLUSIONS 


A Twin Channel Passive Filter Analyzer is de. 
scribed and some of its preliminary results are 
reported. This apparatus is entirely in the midst of 
its development stage at the present time and, as 
yet, is not available commercially. 
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SOCIETY PROCEEDINGS 


THE EEG SOCIETY 


At the Annual General Meeting held on October 4, 1958, the following officers 
were elected: 


Chairman: 

Hon. Treasurer: 

Hon. Secretary: 

Hon. Foreign 
Secretary: 


Dr. J. R. DAVIDSON 
Dr. W. A. COBB 
Dr. S. L. SHERWOOD 


Dr. W. GREY WALTER 


The following were elected to the Council: 


Dr. J. A. V. BATES 
Dr. P. BRADLEY 
Dr. G. D. DAWSON 


Dr. M. JEFFERSON 
Dr G. PAMPLIGLIONE 
Dr. J. A. SIMPSON 


Summaries of papers read at the Centres in London and Edinburgh 
during 1958 


Proceedings Secretary: Dr. G. PARR 
68, Compton Road, Winchmore Hill, London, N. 21 


1. The sudden bodily jerk on falling asleep. — 

IAN Oswalp, University of Oxford. 

There are large variations in the frequency with 
which different individuals experience a sudden violent 
and momentarily rather frightening jerk of part or 
the whole of the body (sometimes accompanied by 
hallucinations) when falling asleep. Evidence was 
presented that these jerks should be regarded as part 
of an arousal process to some faint external significant 
sensory stimulus. The claim that the jerks should 
be regarded as epileptic was critically considered. 


2. Factors controlling the frequency of discharge 
of cortical neurones. — B. D. Burns and G. K. 
SmiTH, McGill University, Montreal. 

In the cat’s anaesthetized isolated cortex, it has 
been shown that there is a network of cells capable 
of transmitting the burst response which follows a 
sugle stimulus tangentially across the cortex for 
very large distances. 


Records from single cells of this network have 
shown that the probability of a cell discharging at 
various times during the burst response depends on 
the point of origin of excitation within the isolate 
network. 


Experiments with unaesthetized isolated fore- 
brain in which cortical cells are continually active 
have shown that the mean frequency of these cells is 
very stable. In contrast to the mean frequency reec- 
orded over minutes, the frequency spectrum is easily 
changed and ean be varied by light anaesthesia or 
by very weak repetitive stimuli given to remote areas 
of the cortex. Preliminary work thus indicates that 
the mean frequency of a cortical cell is a parameter 
of little physiological importance; on the other hand 
it appears that the frequency distribution of a 
cortical neurone is easily changed by events in 
remote parts of the nervous system. 


3. Cardiac output as a significant variable in phar- 
macological ‘threshold’? determination. — M. 
V. Driver, Maudsley Hospital, London. 

The determination of convulsive, photoconvulsive 
and sedation thresholds as practised by various 
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workers can be likened to a volumetric titration, the 
‘‘known’’ solution (Metrazol or other active drug) 
being added to the ‘‘unknown’’ system until the 
required end-point has been attained. Much work has 
been published concerning the suitability or other- 
wise of various end-points and the significance of the — 
amounts of Metrazol ete. to give them. 

The present work began with the deduction that 
blood radio-activity curves following the injection of 
radio-iodinated human serum albumen solution — 
which demonstrate marked variations in peak and 
mean concentration from patient to patient — must 
apply equally to any substance injected intravenously, 
i.e. that the output of the heart (which is a function 
of these variables) will affect the arterial concen- 
tration of that substance and therefore influence the 
apparent ‘‘threshold’’ of a convulsant, sedative or 
other drug. The general tendency (in otherwise 
similar subjects) being for ‘‘threshold’’ to increase 
as cardiae output increases. This factor may also be 
of importance in the comparison of ‘‘threshold’’ be- 
tween various diagnostic groups, some of which may 
have associated cardiovascular changes. Variability 
of effect of the injected drug on cardiac output may 
also be significant. 

An investigation is being undertaken to test this 
hypothesis, an estimatidn of cardiac output (based 
on direct scintillation counting of the cardiac radio- 
activity) immediately preceding that of photo-con- 
vulsive threshold. 


4. The human alpha rhythm and visual alertness. 

— Ian Oswa.p, University of Oxford. 

The blocking of the human alpha rhythm has 
been believed on the one hand to be a part of general 
‘‘arousal’’ or, alternatively, to be related specifically 
to visual activity. 

Thirteen subjeets listened with eyes open for a 
faint tone preceded by a regularly recurring warning 
signal. Initially no alpha rhythms were seen. Even- 
tually alpha rhythms were more or less continuous. 
During an intermediate stage, in five subjects, alpha 
rhythms appeared at the times of intent auditory 
alertness. The alpha rhythm was accompanied by 
loss of ocular fixation and accommodation. 
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It is proposed that alpha blocking represents in- 
grease of specific visual alertness which may be but 
one component of general arousal. Specific auditory 
alertness may be accompanied by reciprocal inhibition 
of visual functions, at the periphery, during transmis- 
sion, and centrally. 


5. Electroencephalographic studies in the syn- 
drome of relative cerebral hypoglycaemia. — 
Barry D. Wyxe, Neurosurgical Centre, Wool- 
wich. 

Relative cerebral hypoglycaemia is a_ recently 
described syndrome characterized by a disturbance of 
cerebral carbohydrate metabolism such that arterial 
glucose concentrations, adequate in most subjects for 
normal cerebral function, are insufficient to meet the 
metabolic requirements of the brains of patients. 
These requirements can, however, be satisfied at blood 
glucose levels well above those needed in normal 
subjects. 

Whenever the blood glucose level falls below 
the abnormal high levels necessary for normal cerebral 
metabolism in patients with relative cerebral hypo- 
glycaemia, they display many of the symptoms pro- 
duced by absolute hypoglycaemia in normal subjects. 
Thus headache, confusional states, disorders of be- 
haviour, unconsciousness, and motor, sensory and 
visceral seizure phenomena occur episodically as ictal 
disturbances in cases of relative cerebral hypo- 
glycaemia. 

In the fasting state, patients with relative cerebral 
hypoglycaemia display marked electroencephalographic 
abnormalities (including paroxysmal discharges) in 
association with the symptoms described, even though 
their blood glucose concentrations remain between 70 
and 100 mg/100 ml. These electrical and clinical 
abnormalities diminish and finally disappear as the 
blood glucose level rises after ingestion of glucose 
— but not until concentrations as high as 160 mg/100 
ml. are reached. As the ingested glucose is removed 
from the blood the disturbances of cerebral function 
gradually reappear at the rate of the fall in glucose 
concentration of the blood. 


6. Clinico-electroencephalographic study of frontal 
gliomata. — M. Fiscner-WiLLiaMs and G. Ly- 
BERI, London Hospital. 

In this paper 35 cases of frontal glioma taken 
from a series of 102 gliomata and 46 intracranial 
metastatic tumours are studied, the diagnosis having 
been verified histologically in 32 of these patients. 
In a further two the tumour was seen at operation 
but biopsy was considered inadvisable. The record 
nearest histological verification was analysed and 


classified. 

It was found that in one third of the cases of 
fronts] tumours the slow wave activity was regular, 
in contradistinetion to the irregular slow activity 
with gliomas in other situations. The slow wave 
activity was often of high or very high voltage and 
tended to be episodic. Thus half the slow wave dis- 
charges were episodic, whereas out of 52 cases of 
tempcral and parietal gliomas only 6 were episodic 
and the great majority were continuous. In almost 
one third of the cases of frontal glioma there was 
well preserved background activity as opposed to 
the more widespread disturbances seen in glomata 
in other situations; this is in part an expression of 
the lessened degree of disturbance of the alpha 
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rhythm in frontal tumours. In nearly a quarter of 
the frontal gliomas the EEG showed a non- localizing 
abnormality, such as unilateral slowing of the alpha 
rhythm, or generalized bilateral slowing of cerebral] 
activity, or (in 1 case) a normal record. In nearly 
half the frontal gliomas the slow wave discharge was 
bilateral, mainly bifrontal: this contrasts with the 
fact that out of 52 temporal and parietal tumours in 
only 4 was the slow activity bilateral. 


7. Correlation between EEG pattern, excitement 
and ventricular fluid protein level. — J, Pp. 
FARREL and S. L. SHERWooD, Severalls Hospital, 
Colchester, Essex. 

Termination of status epilepticus by lumbar pune. 
ture is a well known clinical procedure; when ventri- 
culograms were carried out on epilepties it was noticed 
that the frequency of fits diminished and that they 
became better behaved for three or four weeks. In 
these cases the C.S.F. protein is often raised. 

We have reviewed fifty five ventricular protein 
levels and in fifty one of these correlated the level 
with the EEG pattern. In the great majority of 
cases the EEG was taken within a fortnight of per. 
forming ventriculography. 


Case material: Ventriculography was carried out 
for either diagnosis or prior to stereotaxy. The rest 
was obtained during the course of intraventricular 
injections: these cases were nearly all schizophrenics, 

Protein levels were estimated comparing the 
turbidity, produced by sulphosalicylie acid, against 
standards, the normal ventricular protein level being 
10-15 mg/ml. If the patients’ C.S.F. protein levels 
are arranged in a descending order the highest in- 
eidence of habitual excitement is seen to fall within 
the range of 25-50 mg/ml. 

In the EEG records of all these eases raised 
protein correlates with excessive amounts of fast and 
slow activity with an increased incidence of complex 
wave forms and a reduction of activity within the 
alpha band, and that the increase of activity within 
the beta band is not solely due to sedatives. 

In view of these results, in two recent eases of 
so-called temporal lobe epilepsy, after a stereotaxic 
recording an anastomosis was effected by means of 
a short length of silicone rubber tubing connecting 
the temporal horn of the lateral ventrical to the sub 
dural space, the intent being to cause a dilution of 
the protein by increasing the turnover. In the eight or 
ten weeks since operation both patients have displayed 
marked improvement both with respect to seizure 
incidence and behaviour abnormalities. 


8. The clinical and EEG findings in epilepsy of the 
parasagittal areas. — W. A. KENNEDY, Maudsley 
Hospital, London. 

The clinical features to be expected in epilepsy 
arising from the parasagittal areas are discussed 
with particular attention paid to epilepsy originating 
in the supplementary motor area. 

Tiikel and Jasper’s paper (EEG Clin. Neu 
physiol., 1952, 4: 481-494) is reviewed. They state 
that the commonest finding is bilaterally synchronous 
paroxysmal rhythmic discharges, often of an irregular 
spike and wave form, with frequencies of 2-4 per see. 

The clinical and EEG findings in eight patients, 
7 confirmed at operation, are described. None showed 
any secondary bilateral synchrony — the majority 
showed spike foci. Among the clinical features sug 
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gesting an origin in the parasagittal areas are visceral 
and genital sensations, sensory motor phenomena of 
the lower limb particularly involving the foot bilateral 
movements with little or no disturbance of conscious- 
ness. Secondary bilateral synchrony is not so common 
ag was formerly suggested. 


9, The EEG in chronic subdural haemotamata. — 
J. H. D. Mutrar, Royal Victoria Hospital, 
Belfast. 

The pre-operative records of 23 patients suffering 
from chronic subdural haematomatu are reviewed 
and an attempt made to relate the abnormality with 
the patients’ clinical state and findings at operation. 

The records were normal in 3 patients who had a 
normal level of consciousness and symptoms of longer 
duration than 2 months. The haematomata in these 
were relatively small. An asymmetry of the alpha 
rhythm was found in 8 records and in 7 the haema- 
toma was on the side of the lower amplitude. 
Unilateral slow activity was found in 10 records. 
Haematoma was on the side of the slow activity in 
8 and in the 2 incorrect records an alpha asymmetry 
would have guided to the correct lateralization in one. 
However, when there was bilateral slow activity as in 
10 records, the haematoma was on the side of the 
low amplitude slow activity in 5, on the other side 
in2 and of equal amplitude in 3. An alpha asymmetry 
would have lateralized the haematoma in the 2 in- 
correct records and also in one record where the slow 
activity was bilateral and of equal amplitude. Using 
this method it was possible, in retrospect, to give a 
correct lateralization in 16 out of 18 records in 
which an asymmetry was present in the EEG. 

In general the more marked the alteration of 
consciousness the more abnormal the EEG. 


10.Some EEG observations in children soon after 
head injuries. — G. PAMPIGLIONE and K. Tm, 
Hospital for Sick Children, London. 


Of a number of children admitted with recent 
head injuries under the care of W. MeKissoek, 42 
were referred as emergencies to the EEG Dept. and 
records were taken soon after admission and thereafter 
at various intervals during the first fortnight. 

These patients had closed head injuries, usually 
without fracture of the skull vault, and remained un- 
conscious from a few minutes to several days. 

The severity of the EEG abnormality was not 
usually an indication for surgical intervention. No 
satisfactory EEG eriteria could be found to suggest 
the presence or absence of a subdural haematoma. 

Some cases were mentioned where the history of 
recent head injury masked the presence of other cer- 
ebral lesions. 


11. Long term EEG and ECG studies of young rats, 
pigs and dogs. — G. PAMPIGLIONE, B. S. PLATT 
and R. J. C. Stewart, National Institute for 
Medical Research, London. 

At weekly intervals parallel observations were 
made on young rats, pigs and dogs during normal 
development and after nutritional stresses. In addition 
to various biological, chemical and radiological studies, 
EEGs and ECGs were taken on 30 rats, 17 pigs and 
22 dogs, a total of 303 records. Some of the problems 
ficountered and some of the techniques used _ to 
obtain scalp EEGs during waking state and spon- 
taneous sleep were described. The effect of natural 
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sensory stimuli during spontaneous sleep was dis- 
cussed together with the changes induced by _ bar- 
biturates. 


12. Discrimination and response to stimulation dur- 
ing sleep. — IAN OswaLp, ANNE TAYLOR and 
MICHEL TREISMAN, University of Oxford. 

In an initial experiment with a volunteer a con- 
ditioned emotional arousal response was established 
to the middle of three tones of 530, 690 and 790 ¢/see. 
When the tones were presented in his sleep, a signif- 
icantly greater proportion of K-complexes occurred 
as response to the ‘‘important’’ tone. 

In order to test the belief that an individual may 
arouse especially to his own name it is essential to 
eliminate the factor of novelty of type of stimula- 
tion. A tape recording was made of 56 names, spoken 
urgently, in alternating male and female voices, at 
intervals of 5, 7, 4, 8 and 6 see., each name occurring 
many times in all, and also with a series of names 
spoken twice at one time. Sleep-deprived volunteers 
fell asleep while the tape was being played, having 
been instructed to make a fist to their own and a 
control name. 

Some subjects failed to respond overtly to the 
names as soon as they became drowsy. Others, how- 
ever, have shown a remarkable capacity to wake up 
from sleep to their own name, the latter being more 
likely to provoke a K-ecomplex or isolated galvanic 
skin response, than other names, even if the subject 
failed to respond overtly. Statistical analyses have 
been made of EEG responses on the basis of ratings 
of the Intter made in ignorance of each particular 
stimulus. The responsiveness largely, but not entirely, 
disappears in very deep sleep with high voltage 1 
e/see. waves. The transition from single names to 
names spoken twice tends to cause arousal. 


13. EEG control of the treatment by ACTH of early 
infantile myoclonic encephalitis with ‘‘dys- 
rythmie majeure’ (Hypsarhythmia). — H. 
GastTaut, W. C. Grsson, M. Pirot and M. Vi- 
GOUROUX, Faculté de Médecine, Marseille. 
Following the work of Sorel we instituted ACTH 

treatment in 6 eases of this affection, which is 

peculiar to young infants, and which was described 

independently and simultaneously by Gibbs (1952) 

as ‘‘infantile spasms with hypsarhythmia’’ and by 

Gastaut as ‘‘myoclonie encephalitis in infancy with 

dysrythmie majeure’’. 

The criteria used in selecting the 6 cases to be 
presented, were those employed by one of us (H. Gas- 
taut) to describe the illness at ‘‘The Colloquium on 
Infantile Myoclonic Encephalitis’? (Marseille, April 
1951). These eriteria were published in July 1952, 
in a report with A. Rémond, on the myoclonias, pre- 
sented before the 18th International Neurological 
Congress. 

In the six eases selected on these criteria, treat- 
ment with ACTH has given the following results: (1) 
the spasms diminished from the first few days of 
treatment and completely disappeared before the end 
of therapy; (2) the EEG dysrhythmia, similarly, dis- 
appeared before the termination of ACTH therapy; 
(3) the psychological recovery, on the contrary, always 
depended upon the chronicity of the illness; the e¢ses 
treated in the very early stages made a total recovery 
in this sphere; the cases treated late in the course 
of their evolution showed no recovery whatever. 
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Beyond the 6 cases here reported, there has been 
one further case in which the clinical syndrome has 
been typical but the EEG picture has not been typical, 
in that it lacked spike-and-wave forms. Nevertheless 
the results of ACTH treatment have been good. 

In yet another 3 cases, where neither the clinical 
picture nor the EEG tracings were typical (idiocy 
with microcephaly, without spasms; bursts of slow 
spike-and-wave forms, but without delta dysrhythmia) 
the results of ACTH treatment have been completely 
negative. 

Therefore, the results obtained with ACTH, may 
be attributed to rigorous electrographic and clinical 
diagnostic eriteria, and abeve all, to early definitive 
treatment. 


14. EEG study of infantile head injuries. — Mmes 
LERIQUE-KOECHLIN and ‘TEYSSONIERE DE GRA- 
MONT, H6pital des Enfants Malades, Paris. 

'. Six hundred and eighty-four records were made 
on 254 children between 2 mos. and 15 yrs., on the 
whole within 18 days after the head ininry. About 
half the initial records were normal; 50 per cent 
showed abnormalities: slow waves, sharply localized 
in the temporo-parietal or occipital regions. They 
were homolateral in 76, contralateral in 21, and sym- 
metrical in 35 cases. 

These children were followed up for a long time 
— some for 7-9 years. Clinically, in general, they 
became well quickly; however, in, about 10 per cent 
of cases sequelae were noted: headaches, loss of hear- 
ing, hemipareses, and epileptic fits. 

The EEG findings enabled us to classify the 132 
patients with originally abnormal records as follows: 
(1) 30 reeords improved quickly — between 1 and 3 
months — even though 16 had fractures and 8 had 
operations for an extradural haematoma or a serous 
meningitis; (2) 33 records took from 6-24 -months 
to become normal; 24 of these had fractures, 3 a 
haematoma, and 1 required decompression for oedema; 
(3) 56 of the children retained minor abnormalities 
in the EEG, such as excess theta activity, alpha asym- 
metry, slowwaves and sharp waves and an excessive 
susceptibility to overbreathing. Of these, 34 had frae- 
tures and 9 had operations; (4) 13 showed specific 
electrical signs of epilepsy — and only 6 had actual 
seizures. These children have been followed up for 
several years. The appearance of spikes and waves, 
even when epilepsy remained sub-clinical, gave us a 
chance to give anti-convulsants early. 

The clinical development ‘of these cases is on the 
whole favourable. 

The clinical course is more favourable than its 
EEG counterpart — only 10 per cent of clinical 
sequelae correspond to 25 per cent of disturbed EEGs. 
It will be necessary to follow up for a long time 
those children who retain an abnormal record. 


15. Convulsions in the new-born: EEG and clinical 
aspects. —- J. CapuHiLAc, P. PAssOUANT and M. 


RissTerwn, Cliniques St-Charles, Montpellier, 
France. 
Convulsions in the newborn should be singled 


out, for some of their aspects are never seen at other 
periods of life; 90 children have been studied elin- 
ically and electrically. All of them had convulsions 
between birth and the age of one month and a half. 
An attempt has been made to find out which are the 
specific electrical and clinical aspects and what are 
the reasons of their specificity. 
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The following points were 
considered as being characteristic: 


(1) Electrical aspects. 


The discharges are focal; they start either with 
slow waves or with rapid spikes; their propagation is 
restricted either to one hemisphere or to a symmetrical 
region of the contralateral hemisphere (bilateral 
frontal for example); not one of the 60 crises recor(- 
ed was generalized and synchronous, neither initially 
nor after extension of a focal discharge; the back. 
ground activity is usually of low voltage and shoys 
short unilateral or bilateral bursts of high voltage 
sharp waves and spikes; there are two or more dif. 
ferent foci in over 50 per cent of the patients. 

(2) Clinical aspects and development. 

Convulsions in the newborn are either only tonic 
or only clonic; the generalized tonic-clonic pattem 
of grand-mal type is extremely rare; clonic move- 
ments, when they do exist, are localized to a small 
area, and may involve different territories in sucees- 
sion. They are quite discrete and may remain u- 
noticed by the family; some crises can correspond to 
a sob that appears after an electrical discharge of 
spikes; some crises may consist of apnoea and eya- 
nosis or apnoea and hypotonia; some discharges of 
less than one minute’s duration have no clinical ex 
pression at all. 

The later development is serious. More than 20 
per cent of the patients died and another 20 per cent 
showed evidence of neuropsychiatric sequelae at the 
age of one year. The prognosis as to life is related 
to cerebral damage and to the frequent tendency to 
status epilepticus. The functional prognosis is also 
serious: convulsions disappear within a few days and 
the patient seems to recover at first. A few months 
later the neurological and mental handicap becomes 
evident. 

The specific aspects of convulsions in the newborn 
are due to their origin and to the immaturity of the 
brain. 


16. The effect of frequency of stimulation in neuro 
muscular disease. — J. A. Sumpson and J. A.R. 
LENMAN, Northern General Hospital, Edinburgh. 
Normal human muscle, supramaximally stimulated, 

has a summated action potential which decreases reg: 

ularly in amplitude as stimulation frequency increases 
above 25-30 per sec. (Wedensky inhibition). It is 
less well known that the action potential in response 
to a particular rate of stimulation faster than this 
is well maintained for several minutes then begins to 
decrement. We have found that this ‘‘fatigue’’ has 
a slow recovery and that it appears much earlier in 
muscles innervated by metabolically abnormal nev 
rons e.g. motor neuron disease, polyneuritis and chronic 
anoxia. Similar fatigability may be shown on Vol 
untary innervation. It is suggested that the produe 
tion of acetyleholine is deficient, removing a normal 

‘“safety factor’’. The same abnormality would ex 

plain Hodes’ (1948) findings in poliomyelitis without 

requiring an ad hoc peripheral explanation. 


The ‘‘fatigue’’ closely resembles myasthenic fa 
tigue but the latter shows distinctive features, partic 
ularly post-tetanic potentiation of a greater degree 
The ‘‘ fatigability’’ of muscle in chronic hypokalaemia 
is believed to be different in type but this aspetl 
is being explored. 

Fatigability in muscular dystrophy is normal. 
Certain types of myositis show an unusual incremel! 
of muscle response at fast rates to stimulation pre 
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eeding excessive fatigability. This is seen also in 
myasthenic myopathy and resembles the phenomena 
of slight curarization. This response has occasionally 
been observed during voluntary contraction of muscle. 


17. Some forms of paroxysmal activity seen in corti- 
cography, and their relationship to undercut 
cortex. — M. FiscHer-WILLIAMS, London Hos- 
pital. 

In a series of 99 electrocorticograms a ‘‘pattern’’ 
of periodic activity alternating with relative electrical 
‘‘flattening’’ has been observed in 17 eases. These 
include 9 cases of glioma (astrocycoma and glio- 
blastoma multiforme) 4 cases of metastatic carcinoma 
(1 multiple and the other 3 probably single tumours) 
and 2 meningiomas. The ‘‘pattern’’ was seen in 
tumours involving most parts of the hemispheres 
(frontal, temporal, parietal and occipital). The par- 
oxysmal discharge usually consists of an irregular 
mixture of beta and slow activity within the theta 
and delta ranges. The question arises whether or 
not this ‘‘pattern’’ in tumour eases is similar in 
nature to that seen in undereut but otherwise healthy 
cortex. ‘‘Suppression-burst’’ activity was observed 
by Henry and Scoville in 1952 from isolated cortex 
during orbital undercutting, and we have observed 
similar activity also during orbital underentting and 
during hypophysectomy for carcinomatosis, presumed 
to be without intracranial deposits. The pattern in 
the tumour cases however differs in certain respects 
from that seen from the more purely isolated cortex 
in surgical undercutting, in which the picture is stereo- 
typed. The flattening can be considered as relative 
and the components in the paroxysmal discharges are 
o the whole slower with comparatively less beta 
activity. The characteristic feature shared by the 
tumour and non-tumour cases is the time relationship: 
paroxysmal activity ranging from one to three sees. 
(but varying little in individual cases) alternates 
with inactivity. 

A striking feature noted by Henry and Scoville 
has been confirmed, namely that with bilateral under- 
cutting the discharge on homologous isolated cortex is 
not synchronous. 


18. Blocking of the occipital alpha rhythm and 
problem-solving efficiency. — A. Giass, Medical 
School, Birmingham. 

Experiments have been undertaken in an attempt 
to correlate efficiency in solving arithmetical prob- 
lems with intensity of blocking of the occipital alpha 
thythm. Nine multiplication problems were recorded 
mo tape at two minute intervals and played back to 
each subject while his EEG was being taken. The 
point at which each problem was presented and the 
answer given, was marked on the record at the ap- 
propriate time. 

The method used to assess intensity of blocking 
was based on the supposition that since a completely 
blocked record, or zero change of potential may be 
represented by a straight line, the ratio between the 
length of this line (a direct function of the paper- 
speed) and that of an actual record of the same 
duration would give a measure of deviation from 
complete blocking. An index of blocking, calculated 
by comparing the average rate of change of potential 
for normal and for blocked records is low in intense, 
aud high in slight blocking. 

Records from 10 subjects have been analysed and 
% indices of blocking caleulated. Correlation coef- 
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ficients have been calculated relating blocking in- 
dices to: (1) time required for solution, (2) correct- 
ness of solution; for different subjects independent 
of problems and for different problems independent 
of subjects. 


There was a_ statistically positive correlation 
(p. < 001), between the incorrectness of a solution 
and the index of blocking, indicating that a mistake 
is associated with less blocking than a correct solu- 
tion to the same problem by the same individual. A 
significantly positive correlation was also found be- 
tween the number of mistakes made in each problem 
and the average time taken for its solution. 


19. Infantile spasms and hypsarhythmia. — B. D. 
Bower and P. M. Jeavons, Childrens’ Hospital 
and All Saints Hospital, Birmingham. . 
The clinical group consists of 22 children with 

infantile spasms attending the Children’s Hospital. 

The spasms consisted of a sudden, brief, generalized 

jerk often followed by a ery, the cycle being repeated 

to form a series of variable number. 


The EEG group was obtained by taking all hypsa- 
rhythmie records and all records of children with 
infantile spasms, regardless of their EEG pattern 
carried out in a four year period at the two hospitals. 
There were 37 first records. Of these, 32 were those 
of children under 19 months and only these are 
further considered. They are compared with the first 
records of 24 children under 19 months with other 
forms of epilepsy (not febrile convulsions). All the 
records were given a score weighted to give maximum 
marks to those with hypsarhythmice characteristics 
(utter chaos) and minimum marks to highly organized 
epileptic records. The scores separated the records 
into two definite groups. We found: 

1. Whereas most of the epileptic group had nor- 
mal records, only one of the group with spasms had 
a normal record. 

2. Only half of the infantile spasm group had 
hypsarhythmia, the rest being epileptic (non-hypsa- 
rhythmic). 

3. There was no correlation between the presence 
of hypsarhythmia and (a) the degree of mental 
defect or (b) the type of spasm (flexor or extensor). 

We conclude with Gibbs and Gibbs that the EEG 
is very useful as an aid to the diagnosis of the syn- 
drome of infantile spasms and mental defect. We 
find, however, that the first record, although ab- 
normal, has an equal chance of being hypsarhythmie 
or epileptic (centrencephalic or focal). 


20. Diencephalic discharges evoked by penicillin. — 

T. E. OcpeEN, National Hospital, London. 

The epileptogenic propensities of the antibiotics 
have been appreciated for a number of years, but it 
is only recently that antibiotics have been widely 
used as an experimental tool. Penicillin is the most 
reliable and effective of these, and when it is injected 
into the midline diencephalon it causes a bilateral 
disturbance consisting of slowing of the barbiturate 
spindles, regularly recurring ‘‘ penicillin spikes’’ and 
eventually paroxysms of fast activity which build up 
into a generalized electrical and clinical convulsion. 
Such preparations are ideal for the study of the spread 
of seizure activity from, and the control of cortical 
activity by, the diencephalon. Preliminary studies on 
the distribution and spread of such subcortically- 
generated activity were presented. 
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21. The EEG in a patient with obsessional neurosis. 
— J. G. Gipson aiid’ W. A. KENNEDY, Maudsley 
Hospital, London. 


The patient was a single 34-year old woman who 
was admitted to the Maudsley Hospital with an acute 
and disabling exacerbation of a life-long obsessional 
disorder. There was no history of epilepsy. 

An EEG taken soon after her admission showed 
irregular discharges of spike and slow waves. Further 
records confirmed these findings although the amount 
of abnormal activity showed considerable variation. 

Following a hysterectomy for fibroids, the pa- 
tient developed urinary difficulties and was given 
potassium citrate. It was noticed that she became 
more disturbed and an EEG taken during this period 
showed a marked increase in the paroxysmal dis- 
charges. As a result, further records were taken at 
least weekly for the next five months. 


At the end of this period administration of potas- . 


sium citrate again resulted in the patient becoming 
more disturbed and the EEG more abnormal. 

A longitudinal survey of the EEGs taken during 
this five-month period showed that the abnormalities 
correlated with a high carbohydrate diet at the 5 per 
eent level of significance but that there was no rela- 
tionship with steroid metabolism or thyroid function. 

Four months later, administration of potassium 
citrate and then after an interval a high carbohydrate 
diet produced no change in the EEG. 

Nevertheless, it is of considerable interest that 
at the same time when both regimes failed to provoke 
changes in the EEG they also failed to produce 
changes in the patient’s mental state. Indeed during 
this period she remained generally co-operative and 
placid. 


22. Verification of the sedation threshold technique. 

— C. P. Seacer, Barrow Hospital, Bristol. 

We have repeated Shagass’ studies on the ‘‘seda- 
tion threshold’’ with some modifications, the most 
important of which are that we have not utilised 
slurring of speech as a guide to the sedation threshold, 
and the period of measurement of fast activity has 
been of 10 instead of 2 see. duration. This has been 
made feasible by means of an electronic integrator. 

Two points are considered in the evaluation of 
the sedation threshold: 

(a) Whether a valid reading could be obtained 
from a number of records; 179 measurements were 
earried out on 130 patients. A value for the sedation 
threshold was obtained from 168 of these records. 
Correlation was found between the sedation threshold 
and the ‘‘sleep threshold’’; this latter being the 
minimum amount of barbiturate required to produce 
a state of sleep. 

There was also a correlation between the sedation 
threshold and the point of disintegration of the alpha 
rhythm where this had been detectable in the resting 
record. 

(b) The correlation between the sedation threshold, 
diagnosis and clinical assessment of tension. 

The range of sedation threshold values of the 
three diagnostic groups, Psychotic depression, schizo- 
phrenia and neurotic depression were found to fall 
into three ascending series. 

Statistical evaluation showed them to be three 
separate populations. 

Clinical assessment of tension did not correlate 
well with the sedation threshold. 
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23. Rhythm, anxiety and human “internal inhibi. 
tion’. — IAN OswaLD, University of Oxford. 


In an initial experiment, a volunteer who had 
been subjected to very intense, irregular electric 
shocks, rapidly went to sleep one day when the shocks 
were less strong than he expected. 


Six further volunteers received, in each of several 
sessions, up to 180 strong electric shocks at regular 
intervals. Four went to sleep while having the shocks, 
Habituation to zero of the galvanic skin response, 
and feelings of derealization occurred. 


Thirteen subjects listened for brief tones, at the 
lower limit of audibility, occurring, with a few omis- 
sions, at regular intervals. Intervals used were 10, 5 
and 3 see. There appeared an insistent tendency for 
sleep to arise over each session as a whole, and for 
EEG sleep signs to occur between each stimulus, 
coming and going at, e.g. 3 sec. intervals. ERG 
arousal with each stimulus — response was sometimes 
limited to rolandic areas; sometimes indeed to the 
side contralateral to the hand used for response. 


Further experiments were carried out in which, 
for periods of an hour, subjects moved their arms 
and legs rhythmically to loud jazz music. Once again 
EEG sleep signs appeared for long periods, even 
though movement continued. The quality of the lat- 
ter became impaired however. Once again fluctuation 
of EEG signs between those of alertness and sleep, 
at the rate of movement were seen. Sleep appeared 
during movement to the loudest and most violent music, 
but most markedly when a sweet clarinet solo fol- 
lowed. Also when clapping and cheering helped the 
subject’s escape to a dream-world. 


These observations must be reconciled with those 
of Pavlov, with the phenomena of ‘‘ animal hypnosis’’, 
and with certain human responses, such as Sargant 
has described, of inertia and altered responsiveness 
subsequent on emotional tension and rhythmic stim- 
ulation. It is believed this can be done in terms of 
contemporary theories, and consideration of the phe- 
nomenon of habituation. 


24. Studies with implanted electrodes in a case of 
epilepsy. — R. Cooper, H. J. Crow, D. G. 
Puitiiers, W. Grey WALTER, W. J. WARREN and 
A. L. Whunter, Burden Neurological Institute 
and Department of Neurological Surgery, 
Frenchay Hospital, Bristol. 


The patient was an intelligent youth of 18 with 
a history of seizures for 15 years and episodes of 
agressiveness for 8 years. The seizures could be con 
trolled by drugs but the aggressiveness was intractable. 
EEGs taken at intervals from 1952 showed various 
abnormalities in temporal, sphenoidal, frontal and 
occipital regions, mainly on the left side; all fluctuated 
from day to day, periods of greater EEG ‘‘ abnormal: 
ity’’ coinciding with a subjective feeling of ‘‘ bright 
ness’’. In July 1958, 64 electrodes were implanted in 
the frontal, temporal and occipital regions of both 
hemispheres with the technique developed by Bick 
ford and demonstrated to us in Oslo by Sem-Jacobsen 
and Torkildsen. The electrodes were left in_ place 
for three weeks before an operation for left temporal 
resection and for one week after. 

Records were taken regularly with an 8-channel 
Type T electroencephalograph loaned by Dr. Offner 
and with a 22-channel Toposcope. Direct coupling was 
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used in nearly all records and the average-reference 
system was combined with bipolar connections. The 
first record, taken two hours after the end of the 
insertion operation, showed large, widespread, irreg- 
ularly delta, theta and spike activity in all regions, 
but this subsided in two days to reveal: (1) an intense 
focal persistent 3 c/sec. delta rhythm from one elec- 
trode in the anterior mid-temporal region on the left 
side. This was occasionally propagated at low am- 
plitude to the medial temporal and lateral frontal 
regions. (2) Rhythmic activity at 16-20 ¢/sec. in 
the left lateral region spreading up the electrode 
sheaf with bursts of theta rhythm. (3) Delta waves 
at 1.5 e/see. in the left occipital pole, attenuated by 
opening the eyes. This was replaced by alpha rhythm 
by the fourth day after the operation. (4) Occasional 
isolated wave and spike discharges strictly localized 
to a single electrode in the right medial temporal 
region, With peak amplitude of one millivolt. 

The most striking properties of these features 
were : 

(a) Extreme restriction of the 200-600 yuV. left 
temporal delta rhythm and the one mV. right temporal 
wave and spike discharge to regions of about one 
centimetre in depth. 

(b) Propagation with time delays of the temporal 
delta to physically remote regions. 
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(c) Suppression of the temporal delta during 
light natural sleep, and its transformation into local 
paroxysmal polyspikes in deeper induced sleep. 


(d) Association of temporal spikes with the posi- 
tive phase of the temporal delta when medication 
was witheld. 

(e) Transformation of the focal temporal delta 
into wave and spike discharges spreading to deep 
frontal and occipital structures during a spontaneous 
psychomotor seizure. 


(f) Replacement of temporal delta by generalized 
spikes and slow waves during induction of Pentothal 
anaesthesia. 

Recording was continued during and after the 
left temporal resection. The abnormalities on the left 
side disappeared and the frequency of occurrence of 
the wave and spike discharge on the right side was 
diminished. During the past lobectomy period when 
alpha rhythms were absent from the left occipital 
region, 200 microvolt lambda waves were recorded 
during visual attention from the electrode two centi- 
metres anterior to the occipital pole. 

These observations demonstrate some of the mech- 
anisms involved in the constraint and propagation 
of seizure discharges. They also illustrate the need 
for detailed study of the physical properties of cer- 
ebral tissue. 
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Bad Nauheim, October 7-9, 1958 


Secretary: 


W. GOTZE 


Neurochirurgisch - Neurologische Klinik der Freien 
Universitat, Berlin 


1. The mechanism of origin of the EEG. — H. 

CasPerRs, Munster. 

After a survey of the different bioelectrical basic 
phenomena of the central nervous system (discharges 
of neurons, synaptic potentials, evoked potentials, 
spontaneous macrorhythms) the sources of potentials 
making up the EEG and their functional and morpho- 
logical properties are discussed. As demonstrated by 
numerous investigations with microelectrodes carried 
out in recent years (Jung, Jasper and others), the 
neuronal structural elements producing spikes cannot 
be considered as the sources of the slower potential 
variations, contrary to the views expressed in the older 
synchronization theory. The unit activity of the all- 
or-none type, participates in the formation of macro- 
waves, at the most only in a secondary way, in the 
form of a modulator. Newer investigations concerning 
the properties of the so-called dendritic potentials 
indieate that the EEG originates from the area of 
dendrites (Chang, Clare and Bishop; Purpura and 
Grundfest, and others). As sources of potentials, one 
has to consider mainly the apical dendrites, the axo- 
dendritic synapses and the terminal arborizations of 
umyelinated terminals. The literature concerning the 
findings and present problems of research concerned 
with dendritic potentials which pertain mainly to the 
question of conduction of excitation and of direct 
electrical excitability of the dendrites is reviewed, and 
within this framework personal findings are discussed. 
They deal with relations between amplitude and polar- 


ity of the dendritic potentials and with D.C.-changes 
at the cortical surface. Moderate positive polariza- 
tion (anodic polarization) of the cerebral cortex in- 
creases the amplitude of the negative dendritic poten- 
tials. With increased negative polarization of the cor- 
tex obtained with gamma-amino butyric acid local 
stimulations with high frequency pulses or with catho- 
dal polarization, the polarity of the normal dendritic 
potential always reverts from negative to positive. 
With this, there always occur an intermediate stage 
at which the dendritic response disappears despite a 
constant intensity of the stimulus. The D.C. level 
therefore is characterized by a state of balance. In 
the resting animal this ‘‘indifferent level’’ is rel- 
atively negative with reference to the ‘‘normal level’’. 
With more pronounced shifts of the cortical D.C. 
potential, reversals can occur. These findings indicate 
that the so-called dendritic potentials represent ampli- 
tude modulation of the D.C. potential which pre- 
sumably is produced by the mass of continually excited 
dendrites in the superficial cortical layers. 


After the discussion of the sources of potentials 
of the EEG, the problem is discussed whether these 
are capable of authorhythmicity or whether they have 
to be driven by subcortical impulses. Regardless of 
how this problem is being resolved it has been demon- 
strated that the discharging rhythm of EEG generators 
can be modulated by afferent impulses. For the origin 
of the ‘‘spontaneous’’ alpha-rhythm reverberating 
processus of excitation between thalamus and cortex 
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(thalamo-cortico-thalamie reverberating circuits) ap- 
pear to be of importance (Chang, Morison, Dempsey 
et al.). 


Discussion : 
Dr. JUNG (Freiburg i. Br.) : 

Dr. Caspers’ observations on D.C. potentials after 
application of GABA seem to me very important. These 
and O’Leary’s and Goldring’s recordings of steady 
and evoked potentials after veratrine suggest that a 
surface negative D.C. potential shift may give a better 
explanation of the GABA reversal than Grundfest and 
Purpura’s hypothesis of selective blocking at excitory 
synapses. This block was not found at the neuronal] 
synaptic membrane. 

Curtis and Eccles’ multimicroelectrode technique 
of recording neuronal discharges after electrophoresis 
of drugs at the synaptie regions has been used by Dr. 


Griisser and Saur in my laboratory. It has brought. 


further informations about the direct action of GABA 
and other substances on cortical neurons: in single 
neurons of the visual cortex we have found definite 
neuronal activations by acetylcholine, but no selective 
block of excitory synapses by GABA. 


The steady potential changes of the cortex after 
thalamie and reticular stimulation, described by Ar- 
duini and others, show interesting correlations with 
neuronal discharges, studied by Creutzfeldt and Aki- 
moto. Thalamo-reticular stimulation increases sur- 
face negativity. Therefore, it seems difficult to under- 
stand Dr. Caspers’ interpretation that reticular stim- 
ulation diminished the GABA effect by its D.C. com- 
ponent. Should one not expect the opposite by sum- 
mation of both surface negative potentials ? 


I should like to know more about the ‘‘exper- 
imentum crucis’’ of increasing the GABA reversal by 
cathodic, and restoring it by anodic polarization of 
the cortex and to hear from Dr. Caspers’ about the 
exact relations between polarization effects and the 
positive or negative sign of the evoked potential with 
or without GABA. 

Personally I am interested in Dr. Caspers’ D.C.- 
potential findings because they fit with my hypo- 
thesis, discussed at the International EEG-Congress 
1953: Brain waves may be the result of an oscillating 
balance between two opposite D.C. potential fields, 
arranged as dipoles and regulated at a mean level 
of excitation. If this is right, then we might expect 
a reversal of surface negative evoked potentials fol- 
lowing any surface negative -D.C.-shifts, be they of 
physical, (cathodic polarization) or chemical origin 
(veratrine, GABA). 


H. CASPERS (Miinster) (closing) : 


(1) Our results agree in principle with those of 
Arduini and Creutzfeldt. We too found that reticular 
stimulation produces a negative shift in the surface 
cortical D.C.-level. A similar change of D.C. com- 
ponents occurs with local cortical stimulation with 
higher frequency impulses. As stressed by Professor 
Jung, one would have to expect that the negative 
shift in the cortex should become potentiated or at 
least decreased by addition when cortical reticular 
stimulation are combined. According to our results 
so far this is however not the case. The D.C.-shift 
to the negative side is even diminished under these 
conditions. Similar reversal effects which occur often 
in the manner of an oscillatory reaction eculd also 
be observed with increased ecathodal polarization of 
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the cortical surface. With small polarizing voltages, 
the normal negative dendritic potential is extinguished 
with higher ones reversed. With a still more marked 
eathodal polarization however, the primary polariza- 
tion effect becomes again reversed in the opposite 
way. 

(2) The influence upon dendritic potentials and 
upon the D.C.-level by GABA was further investigated 
with electrical polarization experiments. With anodal 
polarization of the cortical surface the GABA effeet 
is abolished. The positive dendritic potential reverts 
again to a negative wave. With moderate cathodal 
polarization on the contrary, the GABA effect is in- 
creased. With higher polarization voltages one ean 
again observe reversals of the polarity. The result 
of this ‘‘experimentum crucis’’ allows in our opinion 
to conelude that the reversal of dendritic potentials 
by GABA is a consequence of the D.C. shift. This 
interpretation is furthermore supported by the ob- 
servation that cathodal polarization of the cortical 
surface imitates the GABA effect. With anodal polar- 
ization without GABA application the normal neg- 
ative dendritic potential increases in amplitude. 


2. Physical basis of EEG and EEG-recording. — 

J. F. Tonnies, Freiburg i Br. 

After a report about amplifying techniques and 
recording equipment, the incorrectness of the term 
‘“differential’’ amplifier input was pointed out. It 
should be reserved for an amplifier reproducing the 

d 


first derivation of voltage against time (——). Sinee 

dt 
this direct indication of the steepness of a voltage 
rise comes more and more into use in experimental 
laboratories, it is proposed that the balanced input, 
with rejection of common modulations for a pair of 
input leads, as invented by the author should be called: 
‘“*difference amplifier input’’. 

The EEG-potentials recorded by macro-electrodes 
should not be considered as originating from short 
spikes of cell perikaryons or axons, but much more 
likely as originating from the great volume and sur 
faces of the dendritic branches. Following Dr. Cas- 
pers’ discussion of steady potentials the behavior 
of dendrites and small interneurons deserves more 
attention. 


The small interneurons, although difficult to re 
cord individually, might be very important or even 
dominant for the total electrical output, by their over- 
whelming number, and by slower velocities of spread 
in their extended fibre network. Assuming in den- 
dritiec arborizations a slow conduction velocity of the 
order of 1 m. per sec. an impulse travelling over 5 mm. 
distance gives a 5 msec. duration. A contribution of 
such slower processes to EEG potentials, seems more 
likely than a rhythmic accumulation of 0.6 mse¢. 
neuronal spikes. 


A new analyser for EEG potentials and for 
written EEG records is reported. In contrast to pre 
vious analysing methods, separating the EEG into 
several sinusoidal frequency spectra, this new method 
is entirely aperiodic and makes a statistical evalua 
tion of time intervals between certain points of waves. 
The live EEG potentials or a previously written re 
cord is scanned on 8 potential levels, and the time 
intervals between two points of equal level, form the 
elements of the analysis. These elements are summed 
up in 8 elasses of different interval length. After 4 
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10 sec. period the summations of the 8 classes of 
interval length are written out on a diagram. 


This type of analyser may measure relatively small 
changes in an individual EEG as effects of various 
experimental procedures, but a classication of indiv- 
idual EEGs may not give better results than the intel- 
ligent inspection of records in daily EEG praxis. 


3. Experimental investigations concerning the 
nature of the spike in the EEG. — A. E. Korn- 
MULLER (Goettingen). 

Previously the notion was advanced and supported 
that the spike in the EEG as recorded by mass record- 
ing represents the bio-electric manifestation of the 
action of the satellite cells of ganglion cells and that 
these satellite cells exert an inhibitory influence upon 
the ganglion cells (see A. E. Kornmuller).1 From 
this it follows that an increased release of the post- 
ulated inhibitory substance by the satellite cells has 
to occur when the spike is most pronounced. Rabbits 
which were to be used for the manufacture of the 
inhibitory brain extracts were therefore killed by 
decapitation immediately after electrically induced 
convulsive seizures, after these animals had been sub- 
jected for three weeks to daily electroshocks. The 
brains were extracted with acetone and ether and 
these extracts were dissolved in olive oil to be used 
for intramuscular injections. 

After injections of such extracts into mice, rabbits 
and monkeys, no motor seizures were observed. Elec- 
troencephalographie investigations which were carried 
out on rabbits, showed that after injections of these 
extracts, there was an increase in the physiologically 
present spontaneous spike discharges, and a decrease 
of the action potentials of striate area in response to 
an illumination of eyes. These findings are to be 
interpreted as indieating an increase in threshold. 

Monkeys showed after the injection of the extract 
(60 to 20 mg. per kilogram or more) a definite de- 
crease of motor activity and diminution of excit- 
ability (capability to react), which began a few hours 
after injection and remained for several days. With 
stronger dosages brief periods of sleep and absence- 
like episodes occurred without any motor mauifesta- 
tion. In the EEG small bursts of spikes were often 
observed after injections. The alpha waves and the 
waves which occurred in conjunction with the spikes 
faded more and more into the background as the 
action of the extract increased. 

After these experimental investigations the spike 
will also be considered as a chemical probiem. The 
described extracts are investigated». with regard to 
their therapeutic effect on man. The aneuristic use- 
fulness determines the value of a theory. 


4. What conclusions can be drawn from depth 
recordings and depth stimulations for the reg- 
ulation of the EEG ? — W. Umsacu, Freiburg i. 
Br. 

Three hundred and thirty EEG recordings and bi- 
polar stimulations were carried out in 20 precisely 
localized points within the basal nuclear and fiber 
structures of the human brain. These were often 


1 Siehe A. E. Kornmuller, zum wesen des EEG auf Grund 
spezieller Un.ersuchungen, LV. Internat. Kongr. F. Elektro- 
encephalographie, Brussel, Juli 1957, Pergamon Press, London ; 
Zum Wesen der Epilepsie auf Grund einer Analyse des EEG. 
Fortschr. Neur. Psychiatr., 26, 470 (1958); Ein inhibitorisch 
wirkender Hirn-Extrakt. Arzneimittel-Forschg. (Drug research) 
8, 675 (1959) ! 
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carried out together with surface EEG recordings. 
Twenty-seven records were obtained with electrode 
assemblies carrying 8 compact points, which were 
introduced into the basal ganglia. The spontaneous 
activity showed no wave patterns which were specific 
for any particular localization within the individual 
nuclear areas. In each individual case, the recordings 
showed a good stability of the pattern. Between the 
depth and the surface of the brain, the most frequent 
observation besides the well-known phase reversal was 
that of frequent correlations of frequency and ampli- 
tude and only rarely alternating patterns were seen. 
Single shock and repetitive stimulation (4 to 100 
e/sec.) carried out in the depth with different in- 
tensities showed unspecific slow projections to the 
cerebral surface. Latency measurements of the prim- 
ary wave showed a predominating projection into the 
anterior cortex. With weak stimuli unilateral re- 
sponses were recorded whereas with stronger stimuli 
bilateral responses were observed. Definite conclusions 
as to the physiological or pathological regulation of 
the electrical activity of the surface from the depth 
cannot yet be drawn. However statements concerning 
the central regulation of vegetative and phychical ef- 
fects as revealed by depth stimulations can be made. 


5. Familial incidence of photo-sensitivity. — D. 

SCHAPER. 

Fifty four siblings and 26 parents of 57 children 
suffering from convulsions and showing pbhoto-sen- 
sitivity were investigated with identical techniques. 

Of the whole group of 137 family members 63 
per cent showed photo-sensitivity. Among the siblings 
this reaction was found in 43 per cent, and among 
the siblings and parents taken together, in 32 per 
cent. These findings as well as the repeated demon- 
strations of photo-sensitivity in two generations point 
out its bereditary transmission with high penetrance. 


6. Concerning the change of EEG foci in epileptics 
in relation to their attacks. — HEDENSTROM 
(Anstalt Bethel). 

An electroencephalographic phenomenon is dis- 
eussed, which is observed in many patients during 
the course of several investigations, and which con- 
sists in the fact that the pathological potentials show 
a shift of their site of predominance from one hemi- 
sphere into the other. In symptomatic epileptics in 
which the side of the cerebral lesion was kr:own, it 
was found that before the attack the abnormal poten- 
tials were most marked on the normal side; whereas 
after the seizure the focal sign correspond with the 
clinical findings. The question of whether the cause 
for the paradoxical asymmetry may be explained by 
an amplitude reduction preceding the attack, affect- 
ing the side of the focus more than the intact side 
is discussed on the basis of an EEG record taken 
during the aura of a seizure. 


7. Polygraphic observations in petit mal attacks. — 

J. E. Krump and W. Gerarpy (Heidelberg). 

In 12 juvenile epileptics, the peripheral vegetative 
changes occurring with petit mal attacks were syn- 
chronously recorded with the EEG by taking the oscil- 
logram of the arm, a record of the respiration and 
of the EKG. In some eases the EMG and the bleod 
pressure were also recorded. 

The most frequent change was a diminution of 
respiration and heart frequency together with a de- 


610 DEUTSCHE EEG 


crease of the amplitude and some irregularity in the 
oscillogram. A hyperpneic reaction with or without 
tachyeardia seemed to occur more frequently with 
multiple spiking and wave discharges. The same 
electrographic pattern was sometime seen to be asso- 
ciated in the same person with different vegetative 
manifestations. The direction and magnitude of the 
vegetative changes were largely determined by the 
background level of autonomic activity and by the 
vegetative stability as was demonstrated by tests ear- 
ried out with megaphen. 


In two tonie convulsions, the first excitory phase 
of spike activity was accompanied by bradycardia 
and by a rest of respiration and this was followed 
during the tonic motor phase by tachycardia and 
return of respiration. During the post-ictal phase of 
theta and delta activity, cardiovascular ability could 
be demonstrated. 


A liability of the vegetative apparatus could also . 


be demonstrated in the post-paroxysmal period fol- 
lowing spike and wave discharge. 


8. Behavior of bio-electrical fields in the case of 
cerebral tumour. — G. Fortt and H. PEtscue, 
(Vienna). 


In a patient with a frontal tumour (dermoid) 
the phase relationships of the waves were studied with 
a multivibrator-toposcope. It was shown that the tumor 
waves also have the character of migrating waves. 

The investigations carried out yielded the follow- 
ing results: 

(1) The waves propagate primarily along meri- 
dians between the inion and the nasion. 

(2) They frequently cross the midline where a 
certain delay of their propagation can be demon- 
strated. 

(3) The distribution of amplitudes shows no con- 
stant relationship with the direction of propagation. 

(4) The frequency of the waves and their velocity 
of propagation show a linear relationship within the 
investigated frequency band of 2 to 10 ¢/see. 


9. Remarks concerning the technical prerequisites 
for radioelectroencephalography. — T. Gorze 
and A. Korés. 


In the beginning the authors discuss the technical 
prerevuisites for radio transmission of _ bio-electric 
phenomena. Records of electroencephalograms and 
electromyograms obtained by this method in healthy 
individuals and patients with cerebral disease were 
demonstrated. 

Healthy individuals show a diminution and _ ir- 
regularity of the alpha waves when walking. When 
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walking with closed eyes, an off effect can be demon- 
strated. When walking for a prolonged period of time, 
with open eyes, sporadic alpha waves can occur again, 
The diminution ‘of: amplitude and the dysrhythmia 
increase with running. In juvenile patients with 
convulsive disorders walking produced an increased 
diminution of frequency and an increase of amplitude 
until epileptogenic potentials occurred. A delta focus 
in patients with a tumor showed fading of the slow 
waves. 

Myographie investigations in patients with brain 
disease are particularly valuable when taken under 
such a functional load. Minor spastic symptoms such 
as rigor can be brought out more clearly and degen- 
erative spinal disease can also be more easily diag- 
nosed. 


10. Electroencephalographic response of the visual 
center to photic stimulation. — LAvug, Bonn. 


In the photo-stimulation device used by the author 
a xenon high pressure lamp acts as the source of 
light. Measurements of the light energy are carried 
out with a radiation thermo-element and a mirror 
galvanometer. The experimental person looks with 
one eye into a periscopic ocular. The electrical field 
of projection of the calealine suleus and of the cuneus 
can optimally be recorded at 2 to 7 em. above the 
inion preferably with needle electrodes. When re- 
cording with an RC-coupled amplifier, it is sufficient 
for interpretation that the time seale of 10 ms del- 
ivered by an electrical impulse generator corresponds 
to a 1 mm. displacement of the paper. 

The photic stimulus is reeorded with a_ high 
vacuum photocell. Among twenty experimental sub- 
jects investigated by the same method 80 per cent 
showed the same electroencephalographie response of 
the visual center. Characteristically, this consists of 
a diaphasie spike wave with initial negative deflection 
and only in 40 per cent of the cases this is preceded 
with an interval of 10 msec. by a small positive de- 
flection of an amplitude of 20 to 30 wV. The peak 
of the negative wave shows an amplitude of 150 to 
200 wV. and the following positive wave one of 110 
to 150 wV. In certain cases, there follows an after- 
phase of spikes. The negative deflection of the spikes 
begins 64 msec. (+ 13) after the onset of the light 
stimulus and the reflex closure of the lids oceur only 
100 msec. after the stimulus. 

The author wishes to contrast this isolated spike 
potential oceurring in response to high energy light 
flashes of short duration (0.005 see.) with the sequence 
of relatively slow waves disclosed by Bartley, Mon- 
nier, Laue and Monnier, Cobb and Morton, Francois- 
Stefens-Derouck and Ellingson. 
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Secretary: O. MAGNUS 
St. Ursulakliniek, Wassenaar, Holland 


1. The relationships between’ electroencephalo- 
graphic and psychological data in normal adults. 
— P. F. Werre, J. W. N. DE LANGE and W. 
STORM VAN LEEUWEN, Leiden. 


This investigation (see also Werre 1957) per- 
tains to the association of data obtained by elaborate 
EEG and psychological examinations of 24 normal 
adult subjects. The psychological data were obtained 
by means of the Rorschach, Four Picture and Wiggly 
Blocks tests and by an interview. 

The subjects could be grouped in the following 
ways. By assessing of each subject the number of 
delta and beta waves in a sample of 100 waves in 
the temporo-occipital region, all subjects could be 
plotted into a diagram. The number of delta waves 
was plotted on the vertical axis, the number of beta 
waves on the horizontal axis. In this way groups of 
subjects were found with more or less indentical psy- 
chological characteristics and with similar EEG prop- 
erties. Subjects having, among other things, a high 
amount of alpha waves, no or some delta waves and 
no or few beta waves are psychologically characterized 
by extensivity, i.e. durability, after-effect, profound- 
ness, ete. of feelings and strivings. Subjects having, 
among other things, relatively many beta waves are 
psychologically characterized by intensivity, i.e., vehe- 
mence, mobility, velocity, ete. of feelings and strivings. 

Tentatively is concluded that there are no unique 
associations between any single EEG variable and 
any specific psychological parameter, whereas the co- 
ordinate representative of EEG and _ psychological 
attributes strongly suggests that certain EEG pat- 
terns are contingent upon a definite measurable psy- 
chological grouping. 


2. The cortical response to photic stimulation. — 


M. W. Van Hor, Leiden. 


The cortical response to photic stimulation in hu- 
man subjects was investigated by means of a graph- 
ical averaging technique. 


The flashing frequency varied from 3 to 11 per 
see. Ordinate values (time intervals 2.7 msec.) with 
regard to an arbitary zero line were determined. 


The average values of the corresponding ordinates 
of 40 flashing periods were calculated. 

In general the pattern thus obtained was similar 
to that described by Monnier (1952). At flashing 
frequencies higher than 3 per sec. the first negative 
wave (c¢ wave, latency about 90 msec.) was followed 
by a second negative wave (latency about 110 msec.). 
At higher flashing frequencies there was an interac- 
tion of the overlapping responses. 

At present an investigation of the photic response 
in psychiatric patients is in progress. 


3. The so-called: ‘‘Frequency specific conditioned 
response’. — W. STORM VAN LEEUWEN, Leiden. 


In cats electrical responses of various cortical 
and subeortical regions to combinations of acoustic 
and rhythmic photic stimuli have been recorded and 
analysed. Conditioned responses are obtained in 
various regions. In a patient activity at 11-13 see. 
in the motor area is enhanced during conditioning 
procedures. It is suggested that the conditioned re- 
sponses in the cat experiments as well as in the pa- 
tient are caused by enhancement of previous existing 
rhythmie activity. This enhancement indicates inhibi- 
tion of the structures involved. 


THE WESTERN SOCIETY OF ELECTROENCEPHALOGRAPHY 
Carmel, California, February 25-27, 1959 


Secretary: Dr. KENNETH BLINN 
4120 Atlantic Ave., Long Beach 7, California 


1. The use of the electroencephalogram in pediatric 
practice. — ELIZABETH LODGE REEs, Castro Val- 
ley, California. 


The need for thorough study of children with 
severe behavior problems is stressed. All too fre- 
quently, especially in schools, juvenile halls, and the 
Youth Authority psychiatric diagnoses are made 
without complete neurological evaluation including 
electroencephalography. Brain damaged children and 
their parents may be treated for years by ancillary 
personnel in the psychiatric field. 

Sometimes the electroencephalogram can be used 
in treatment. Material evidence supporting diagnosis 
can be very impressive. It is very important that the 
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physician realize exactly why he is doing this and 
the limitations of the EEG. Similar use may be made 
of EEGs in prognosis. Consultations with various 
agencies handling the child can be facilitated by 
proper use of EEG reports. 


2. Genetic patterns in epilepsy as recorded by the 
electroencephalogram (A two-family study). — 
EDWARD E, SHEV and CHARLES L. YEAGER, San 
Francisco, Calif. 


Our paper presents a study of two families which 
shows the close relationship between heredity and 
epilepsy. One of the families consists of the parents 
and four children. Two of these children are identical 
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twins, who have epilepsy. An electroencephalographie 
study of the parents and the other two children 
uncovered abnormal electroencephalographiec (brain 
waves) patterns for the mother, brother and sister. 
The father’s test was normal. In the second family, 
the mother was normal but her first husband had an 
abnormal test and a history of epilepsy in his family 
background. Their two children had abnormal elec- 
troencephalograms and one of these children had 
clinical epilepsy. The mother’s second husband’s study 
was normal and the two children of this marriage 
showed no evidence of abnormality by electroencephalo- 
graphic or other studies. 

This unique family study further illustrates the 
importance role of genetics in epilepsy. 


3. The electroencephalogram ‘in silent brain tu- 
mors. — J. SLOAN BERRYMAN, Los Angeles, Calif. 


The electroencephalogram may be of great value. 


in early recognition of relatively superficial tumors 
in areas of the brain which are inclined to be silent 
until large lesions develop. A case history was re- 
ported of a 45 year old man who had a four month 
history of left homonymous hemianoptic field defects 
of very brief duration. He did not come to the atten- 
tion of a neurologist until he had a grand mal con- 
vulsion at work with no residuals following the con- 
vulsion. Neurological examination at that time was 
entirely normal, including perimeter and tangent 
screen studies of the visual fields‘ Electroencephalo- 
gram at this time, however, showed a distinct delta 
focus in the right. occipital lobe and isotope uptake 
studies revealed a concentration of increased radiation 
in the region of the right and left occipital lobes. 
Patient subsequently had surgery at which time a 
glioblastoma was removed from the area of the right 
occipital lobe. Patient did well for a year following 
which the tumor recurred and he eventually succumbed. 
In this case the electroencephalogram was the first 
objective finding of localized brain damage and was 
supported by isotope study and the earliest symptoms. 


4. Experiences in the use of tilt table in electro- 
encephalograms. — WaArRREN E. Porter, San 


Francisco, Calif. 


A tilt table was constructed with extremely minor 
variations from that used by Dr. John Meyer et al., 
in their tilt table studies for cerebrovascular insuf- 
ficiency that they reported in 1956. We chose 29 
ambulatory patients who presented various symptoms 
of possible early ischemic disease, of mainly the 
posterior circulation, such as increasing episodes of 
vertigo, transient visual changes, transitory and 
sometimes permanent — neurologic residuals of hemi- 
paresis and/or hemisensory abnormalities. A _ total 
of 34 separate runs was accomplished, and a total of 
38 tilts was made. The patients were tilted to 70° 
(over a period of 5 to 7 sec.) for an average period 
of 2 min. Their blood pressure fall was very often 
unremarkable; sometimes the pressure was increased. 
In no instance did we pick up any abnormality that 
would suggest cerebral ischemia. At no time did 


we add carotid compression to the test. Our purpose 
was to see if we could use tilting, a relatively natural 
procedure, as a useful routine part of our studies in 
the older age group with or without cerebrovascular 
disease, to anticipate impending cerebral infarction. 
In our hands, the test as run has little applicability to 
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a routine ambulatory elderly population ranging in 
age from 40 to 80. We intend to explore more 
chronically invalided, bedridden patients. 


5. Preliminary study of stimulation and recording 
in globus pallidus and thalamus in man. — 
RicHARD D. WALTER, ROBERT RAND and Ross 
Apvey, Los Angeles, Calif. 

During operative procedures for the relief of 
paralysis agitans stimulations studies and recordings 
have been undertaken from the globus pallidus and 
the nucleus ventralis lateralis of the thalamus. Elee- 
trical stimulation in the nucleus ventralis lateralis (as 
radiologically determined) at rates between 1 and 5 
per sec. frequently evoked recruiting responses as re- 
flected in the scalp recordings. This was most marked 
in the fronto-central leads and to a lesser degree in 
the central-parietal leads of the same hemisphere, 
In two eases, depth records showed a rapid, rhythmic 
‘“spindling’’ activity at 12-16/sec., in one ease in 
the thalamus and in the other thé globus pallidus, 
while the patient was lying quietly. The spindling 
was abolished during both spontaneously and elee- 
trically induced tremor. In one of these cases, stim- 
ulation of the thalamus at 5/see. was effective in 
inducing a generalized 5/sec. cortical rhythm with an 
episode of induced tremor lasting beyond the period 
of stimulation and subsiding as the induced cortical 
rhythm waned. 


6. Positive activity as the earliest evidence of 
drowsiness in routine EEG tracings. — WArREN 

E. Porter, San Francisco, Calif. 

Over the last five years in our search for 6-14 
per sec. positive activity, it has. become evident that 
there is a great deal of semi-positive or transitory 
positive, almost spike, activity that appears in a large 
pereentage of our awake records. We have reviewed 
specifically segments of our electroencephalographiec 
records for the last year at Letterman Army Hospital, 
and we find that in our records where we attempted 
to get the patient to sleep, this is found more com- 
monly. In our patients who are extremely drowsy at 
the onset of the EEG, this activity is even found 
sometimes during hyperventilation. This finding is 
present on the average of 76 per cent of the time. 
It has several interesting characteristics: it is extreme- 
ly brief in duration, usually being of no more than 
one second’s duration. Also, it occurs in any lead, 
preferring the fronto-occipital. Thirdly, it precedes 
other evidences of drowsiness, such as reduced alpha 
activity, by at least 10 to 20 see. The activity is 
much less distinct and often a mixture of slower and 
faster rates. We have found this a useful guide to 
alert us to the degree of drowsiness in the patient. 

Historically, early Gibbs reported 6 and 14 per 
sec. waves as normal variations in sleep. Later, they 
relegated this finding for the most part to seizure 
(thalamic) disorder. The activity reported here is 
not to be confused with these findings; this activity 
precedes sleep and heralds it. 


7. Technical problems encountered in_ electro 
encephalography with altitude chamber exper 
iments. — GEorRGE N. THOMPSON, REUBEN 
Strauss, C. I. BARRON and Morris COHEN, Bur 
bank, Calif. 

This paper is a preliminary report of experiments 
now in progress, of the electroencephalographic phases 
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of physiological and neurological research with white 
rabbits in altitude chamber experiments. It is less 
a presentation of results than it is a discussion of the 
technical problems that have been encountered, some 
of which were severe. Since others may be doing 
similar work, it is hoped that our problems and the 
efforts that we have exerted to solve these may assist 
others to avoid duplication of effort. 


To date we have used the altitude chamber to 
decompress rabbits to a maximum altitude of 40,000 
feet at a controlled rate of ascent, length of time at 
altitude, and eontrolled rate of descent. Variables 
measured during the experiments were electroenceph- 
alographie changes, electrocardiographic changes, ar- 
terial oxygen saturation, blood pressure, heart rate, 
ammal temperature, respiratory rate, chamber temper- 
ature and chamber ventilation. 


The purpose of this research is to determine the 
effects of high altitude upon animals. Most of the 
technical problems that we have encountered have been 
those of the electroencephalograph, and have to do 
with electrical interference of one type or another. We 
have concluded that every electrical connection and 
instrument must be shielded completely. Problems of 
grounding, power sources and effects of altitude upon 
electronic instruments are discussed. 


The final phase of the project will be an attempt 
to correlate physiological changes with submicroscopic 
brain changes due to the stresses placed upon the test 
animals. 


8. Conditioning of a photically-driven cortical re- 
sponse. — N. A. BEeRcCEL, EpGAR L. LoweLL and 
WILLIAM F. DossetT, Los Angeles, Calif. 


This experiment constituted an exploration of the 
modification of the occipital rhythm by means of 
classical conditioning. 

Sixteen, experimentally naive, adult subjects were 
ued. Each subject, seated in a semi-darkened room, 
was presented, at randomly-spaced time intervals, 
with a series of 1000 cycle, supraliminal tones. The 
duration for each tone was generally 10 sec., and 
after a 4 see. delay, was followed by 6 sec. of inter- 
mittent photic stimulation of a frequency at or near 
the subject’s alpha rhythm. The photic stimulus 
(UCS) was paired with the tone (CS) on approx- 
imately 75 per cent of the trials. 

Changes in the rhythmic activity recorded from 
the right occipital region were analyzed. The activity 
oecurring during the 4 sec. delay intervals (CS-UCS 
interval) was found to change as a function of the 
number of conditioning trials. The frequency of the 
thythmie activity in this 4 see. anticipatory period 
became more and more specific to the frequency of 
the photie stimulus. The curve of acquisition for this 
anticipatory synchronous response was linear over the 
first 21 trials. No such trend was found for the 
activity occurring in the 4 sec. interval preceding 
the onset of the tone. This interval was used to 
establish a base level for the EEG changes over time 
which could be employed as a control for adaptation 
for each subject. The reliability of the acquisition 
trend was confirmed by a detailed test of statistical 
significance. 

Although this experiment did not provide for 
pseudo-conditioning controls, it nevertheless shows that 
systematic changes in EEG response can be produced 
by the experimental procedures used in this study, 
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and that these changes afford evidence for the estab- 
lishment of a conditioned driving response in the 
occipital cortex of humans. 


9. Ion movements in cerebral cortex. — J. P. 
ScHADE and A. VAN HArRREVELD, Pasadena, 
Calif. 


A histochemical method for the detection of 
chloride ions in the cerebral cortex has been developed. 
The method was used to visualize the position of 
chloride ions under various experimental conditions. 
A comparison was made between the chloride distribu- 
tion in (@) normal oxygenated cortex, (b) in cortex 
a few minutes after circulatory arrest, (c) during 
spreading depression and (d) during convulsive elec- 
trical activity. 

(a) In control cortices chloride is rather evenly . 
distributed. It is mainly present around apical den- 
drites and in the space between the apical dendrites. 

(b) In asphyxiated cortices the chloride is mainly 
inside the apical dendrites. In the parikarya a smaller 
increase in chloride content is observed, no increase 
in chloride ions could be found in the axons and 
the smaller dendrites. 

(c) During spreading depression a similar but 
less pronounced transport of chloride occurred into 
the apical dendrites. 

(d) An even smaller increase in chloride ions in 
the apical dendrites was found during convulsive pat- 
terns. The observed chloride movements strenghten 
the postulate that during various experimental con- 
ditions sodium-chloride moves from intracellular spaces 
into neuronal elements of the cerebral cortex. 

The apical dendrites in normal cortex contained 
more chloride than those of nembutalized cortex. It 
is postulated that even the excitatory processes which 
give rise to the normal EEG thus seem to result in 
a sodium-chloride influx. While sodium-chloride moves 
into the apical dendrites during the normal and even 
more during convulsive activity of the cortex the 
mechanism removing the electrolytes can be expected 
to be active. What we observe then is a steady state 
condition which is characterized by a certain chloride 
content of the apical dendrites, determined by the 
inflow and removal of sodium-chloride. 


10. Bilateral synchrony and arousal in EEG of 
fish. — J. P. ScuHapé, Pasadena, Calif. 


Bipolar surface electrodes were used to record 
electrical potentials from the brain of the goldfish, 
the trench and the dogfish. Characteristic patterns 
of EEG were described for telencephalon, mesenceph- 
alon, cerebellum and medulla oblongata. Changes in 
these patterns under deepening urethane narcosis were 
noted. 


Rapid repetitive flashing light caused a change 
in the normal EEG of the midbrain which resembled 
the mammalian arousal. High frequency (18-24 ¢/sec.) 
low amplitude activity replaced the characteristic low- 
frequency waves (7-14 ¢/sec.). Monocular blinding 
abolished the response to single light flashes, in the 
contralateral half of the tectum opticum; the arousal 
and bilateral synchrony remained, however. Even 
after cutting the commissures between the left and 
the right tectum opticum these phenomena remained 
the same as before. Only after cutting the thalamic 
nuclei in the medial plane the bilateral synchrony 
and the arousal reactions in the midbrain disappeared. 
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The originator of both phenomena is probably located 
in a nucleus in the thalamus. 

Regional differences in the tectal response to 
single light flashes were described. Microelectrodes 
were used to record the photic response from deeper 
tectal layers. After destruction of part of the retina 
by electrocautery a disappearance of a part of the 
photie response was observed in restricted tectal areas. 
The distribution of the areas of changed response 
was shown to correspond to a coarse overlapping pro- 
jection of retinal quadrants of the fish eye, onto the 
contralateral optic tectum. A possible basis for the 
localization of this projection, in agreement with 
anatomical and _ electrophysiological findings, was 
deseribed. 


11. Some observations on the neuronic shutter. — 
EnocH CALLAWAY III and Jonn D. ALEXANDER, 
Jr., San Francisco, Calif. 


The alpha rhythm probably reflects an excitability 
eycle of some sort. This paper reports a new phe- 
nomenon which would support the notion of a ‘‘neuro- 
nie shutter’’ operating at about 10 ¢/sec., and which 
also suggests that this ‘‘neuronie shutter’’ is driven 
by stimuli. 

Regular trains of sensory impulses were presented 
to subjects who were instructed to respond when they 
observed cessation of the stimuli. Reaction times to 
the termination of these impulse trains were measured. 
Relationships between reaction , times and impulse 
frequencies were plotted and non-linear perturbations 
in reaction time were observed at stimulus frequencies 
near ten cycles per second. 


12. Relative times of occurrence of alpha waves 
recorded from electrodes arranged linearly from 
frontal to occipital regions. — But GAROUTTE, 
STANLEY GOODMAN and BEVERLY TIMMONS, San 
Francisco, Calif. 


Normal alpha activity was recorded from series of 
4 to 8 scalp electrodes arranged sagitally or para- 
sagitally from occipital to frontal regions in 20 
human subjects. 

There was, in every case, a difference in time of 
occurrence of waves in the A-P (or P-A) direction 
when recording parasagittally 2 em. from the mid- 
line. The occipital wave or the frontal wave occurred 
earliest about equally often. The differences in time 
of occurrence averaged 30 to 40 msec., whether from 
front to back or back to front. There was much varia- 
tion from individual to individual, and within a given 
individual from time to time. Generally, brief series 
of waves occurring earlier in the occipital region 
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alternated with brief series occurring earlier in the 
frontal region. In some individuals, the waves ap. 
peared earlier in one or the other region consistently, 


When recording along the midsagittal line, the 
waves tended to appear simultaneously in all areas 
from front to back. Recording from right and lef 
sides simultaneously revealed bilaterally similar A-P 
time differences. These two findings taken together 
suggest that the A-P time characteristics found 
midline recording may result from the electrical aver. 
aging of bilaterally synchronous activity. 

The significance of these data in relation to the 
‘*pacemaker’’ concept will be discussed. 


13. Rhythmic relationships between waves recorded 
from linearly arranged cortical electrodes in the 
cat. — T. H. Tyroox, Brit GAROUTTE, Roserr 
B. Arrp, Mitton DELuccHI and JOHN Garci, 
San Francisco, Calif. 


Scalp and cortical EEGs were obtained, using 
an eight-channel Offner EEG apparatus operated at 
a paper speed of 15 em. per sec., from 8 eats lightly 
anesthetized with Nembutal or ether. The scalp record 
were taken from 8 occipito-frontally oriented ele. 
trodes lying over the line of the suprasylvian gyrus, 
Following the scalp recording, the cortex was exposel 
surgically. Records were then taken from 8 cortieal 
electrodes directly under the sites of the corresponding 
scalp electrodes, as determined stereotactically. 

The resultant records were analyzed (1) as ty 
number of waves in the different cortical position 
which appeared simultaneously at any given instant, 
and (2) as to the millisecond differences in times oi 
occurrence between these same waves from the various 
positions. The following observations were made. 

Waves recorded from the various occipito-frontal 
positions tended to occur synchronously in both the 
scalp and cortical studies. The time differential be 
tween frontal and occipital waves rarely exceeded 1! 
msec. These observations were quantitatively but no! 
qualitatively different from those which have bee 
made in the human. 

On scalp recording, the number of electrode posi 
tions showing waves occurring simultaneously wa 
greater under Nembutal than under ether anesthesia. 
Synchrony as so defined diminished from sealp studies 
to cortical studies. A cortical lesion caused the syn 
ehrony in ether studies to increase to the same lev 
as in the Nembutal studies. The difference in effec 
of Nembutal and ether on the synchrony of cortici 
waves will be discussed in relation to the primary site 
of action of the two drugs, combined with the shoei 
effect of the cortical lesions. 


The permanent address of the Western Society of Electroencephalograph Technicians is 
P.O. Box 5276, Phoenix, Arizona. Any and all information regarding the Society may be 
obtained at this address. 
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EASTERN ASSOCIATION OF ELECTROENCEPHALOGRAPHERS 


Winter Meeting, Ste Marguerite, P.Q. 
February 27-28, 1959 


Secretary : 


Dr. JOHN W. SCOTT 


Toronto General Hospital, Toronto, Ont., Canada 


1. A case of diminishing EEG abnormality in an 
expanding lesion. — DANIEL SILVERMAN and 
MATTHEW T. Moore, University of Pennsyl- 
vania, Philadelphia, Pa. 

One of the neurologic problems that electroenceph- 
alographers are called on to help the clinician with is 
the differentiation between an expanding intracranial 
lesion and a vascular thrombosis. Diminishing focal 
EEG abnormality usually is accepted in this dif- 
ferential problem as a reliable indication of a resolving 
thrombosis. This EEG phenomenon was recently ob- 
served in a 50 year old man. Ten days before the 
initial examination he noted inability to see to the 
left and a slight headache. The EEG revealed a right 
occipital delta focus with some bilateral spread. He 
was hospitalized, experienced more headache, and five 
days later spinal puncture revealed increased C.S.F. 
pressure and proteins; the second EEG showed a 
diminished theta focus. At operation a right occipital 
metastatic bronchogenic carcinoma was removed. The 
Graduate Hospital records of expanding lesions where 
serial EEG studies had been done and the literature 
on the subject were reviewed. Various mechanisms 
for this phenomenon were discussed: hemorrhage with- 
in a tumor, suppressive effect of medication, foreign 
body type of reaction from a metastatic tumor and 
shifts in intracranial pressure. In the case presented, 
the mechanism believed to be responsible for the 
change was a transient reduction of intracranial pres- 
sure and local edema due to the spinal puncture several 
hours before the EEG. 


2. Distribution of slow activity induced by hyper- 
ventilation. — Haroip H. GoLpBERG and Hans 
Strauss, Mount Sinai Hospital, New York, 
ee 
The patterns of slow wave onset and distribution 

during hyperventilation in 233 electroencephalographie 
records having an adequate response to hyperventila- 
tion were analyzed. LElectroencephalographie leads 
during the 2 to 3 min. period of hyperventilation con- 
sisted of the following pairs: frontal-central; parietal- 
occipital; posterior temporal-ear lobe; mid temporal- 
anterior temporal. 

The following observations were described: 

(1) With increasing age there is a definite shift 
of slow activity induced by hyperventilation from the 
occipital regions to more anterior regions. The greatest 
change occurs during adolescence. 

(2) The region containing the largest amount, the 
highest voltages and the slowest activity conformed 
to the region where this slow activity first appeared. 

(3) In the older age groups a reverse pattern of 
slowing, i.e. parietal-occipital slow activity instead of 
frontal-central, was found more often in patients with 
abnormal resting records. This pattern was not, how- 
ever, found in all patients with abnormal resting 
records. 

(4) A correlation between the clinical diagnosis 
and the distribution of slow activity induced by hyper- 
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ventilation was present insofar as reversed patterns 
of slowing occurred more often in patients with a con- 
vulsive disorder than in others. In addition, if the 
slow activity began as a diffuse and symmetrical burst 
there was a high correlation with the clinical diagnosis 
of a convulsive disorder. 


3. Recurrent inhibition. — V. B. Brooks, Rocke-. 

feller Institute, New York, N. Y. 

Repetitive antidromic volleys in the cat’s pyram- 
idal tract inhibit discharges of pyramidal cells evoked 
by electrical stimulation of ipsilateral cortex or of 
the contralateral foot. The animals were either light- 
ly anesthetized with barbiturate anesthetics, or were 
locally anesthetized, and immobilized with neuro- 
muscular blocking drugs. Pyramidal cells were iden- 
tified by responses of constant, short latencies, and 
by their ability to follow antidromic stimulation at 
frequencies over 200/see. The conditioned cessation 
of activity does not involve refractoriness because the 
conditioning volleys need not discharge the test cell. 
The inhibition begins approximately 5 msec. after 
the end of conditioning stimulation, reaches maximum 
at about 20 msec., and wanes to zero between 30 and 
40 msec. The results suggest that the inhibition is 
mediated by recurrent axon collaterals of pyramidal 
cells. This phenomenon will be compared with spinal 
recurrent inhibition, and with similar effects on af- 
ferent pathways. The suggestion is made that the 
inhibition of adjacent cells is a general property of 
neurones in projection systems, and that it can be 
instrumental in the production of contrast and in 
the maintenance of stability. 


4. Studies on the supracallosal mesial cortex of 
unanesthetized, conscious cats). — JOHN R. 
HuGues and Joun A. Mazurowski, Meyer Hos- 
pital and Buffalo Medical School, N. Y. 

The supracallosal mesial cortex of conscious, un- 
anesthetized cats was studied with the use of im- 
planted electrodes. The mesial surface was mapped 
for movement with the use of a bidirectional ‘‘non- 
injurious’’ waveform. Two ‘‘felunculi’’ are found: 
the anterior one has a lower threshold than the 
posterior one. The face is represented at the anterior 
and posterior portions of the mesial region with the 
extremities in the middle. The majority of all ob- 
served responses involve movements of the face and 
head. Ipsilateral and bilateral responses are pro- 
minently represented on the posterior felunculus. 
Evidence is noted to suggest that functions of the 
entire supracallosal mesial cortex of the cat may 
include a motor representation. Recording studies 
show that full-blown electrographic seizures of the 
limbie area feature high amplitude spike and wavelike 
complexes, not usually seen on the lateral surface, but 
spreading to the hippocampus. These seizures clin- 
ically featuring bizarre behavior patterns and auto- 
nomic dysfunction, are psychomotor-like in character. 
Photie driving can be seen throughout the entire 
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mesial surface. Responses resembling the K-complex 
in man are seen well on the mesial surface. The area 
on the mesial surface showing the maximal amplitude 
of the K-complex is the anterior limbic area where 
sleep spindles of 12/sec. are also maximally re- 
presented. 


5. Brain histology after repeated cerebral stimula- 
tion. — José M. R. DELGADO and A. P. Ropri- 
GUEZ PérEz, Yale University School of Medicine 
and Cajal Institute, Madrid, Spain. 

Histological study has been made of 50 needle 
tracks and adjacent areas in the brain of 20 monkeys 
in which electrode assemblies had been implanted for 
periods of 68 days to 4 years and 2 months. During 
this time electrical stimulations had been applied a 
few times to some points and thousands of times to 
others. The usual parameters employed were square 
waves, 100 ¢/sec., 0.2-0.5 msee. pulse duration, 0.1-3 
mA., with a limit of 10 mA. The brains were em- 
bedded in paraffin, sectioned at 10 yw, and stained 
by the Kliiver, Spielmeyer, Nissl, or silver technique. 
The following were studied: maximum and median 
diameter of the track, capsule, uniformity, foreign 
body granuloma, unspecific infiltration, proliferating 
capillaries, hemorrhage, necrotic tissue, edema, neuro- 
glia, myelin, and neurones. Reaction was greater in 
myelinated fibers than in neuronal fields. Extra- 
eapsular infiltrative reaction with collagen tissue, 
macrophages, and nests of giant neuroglia cells was 
observed in one case. Electrical stimulation produced 
no detectable histological change with either uni- or 
bidirectional pulses. Local excitability and EEG activ- 
ity will be discussed in relation to the histological 
findings. 


6. A survey of EEG’s on 1300 RCAF new entry 
aircrew. — H. P. Brent, J. R. Smiey and T. J. 
PowELL, RCAF Institute of Aviation Medicine, 
Toronto, Canada. 

Approximately 1,300 EEG’s taken on RCAF new 
entry pilot candidates between January 1955 and June 
1958, were interpreted independently by two electro- 
encephalographers. The EEG’s were classified into 
six categories ranging from ‘‘normal’’ to ‘‘unac- 
ceptable’’ and a separate classification was also made 
on the basis of EEG changes during hyperventilation. 
A comparison of EEG ratings by the two electro- 
encephalographers, on the Six-Category Scale, showed 
full agreement in 78.2 per cent of cases. There was 
a one-point difference in 17.3 per cent of cases, a 
2-point difference in 3.4 per cent of cases, and a 3- 
point difference in 1.1 per cent of cases. Comparison 
of the students’ Pass-Fail records in Flying School 
with their EEG ratings by each of the two electro- 
encephalographers, showed no association between 
success in flying training and EEG rating. Similarly, 
no association was found between EEG changes during 
hyperventilation and the students’ Pass-Fail record. 
Figures on fatal flying accidents in the group under 
study are too small at present to show significant 
differences for the various EEG elassifications. It is 
concluded that there may be considerable divergence 
of opinion in the interpretation of the same EEG by 
two electroencephalographers; and that the EEG has 
not yet proven of value in predicting success in flying 
training. 


7. Changes in EEG in response to physical stress. 
— C. W. Sem-JAcoBSEN, Oslo, Norway. 
A jet fighter pilot is subjected to considerable 
physical as well as mental stress during rough flight. 
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This stress can in instances render 


unconscious. 


some 


a pilot 
After preliminary studies it was pos- 
sible to make EEG recordings during rough flight 


in a T-33 jet aircraft. Recordings were made from 
before take-off till after landing, thus including re- 
cording at rest before and after flight. 

A group of pilots were tested during a standard 
flight. The majority of pilots showed only minimal 
changes in their record. One third of the pilots had 
marked changes of 2-8 sec. duration in their record, 
and a few showed prolonged major changes. 

By comparing the pilots’ EEG record with the 
military record of their flight ability a high cor- 
relation was found. Thus, the good pilots showed 
only minor changes in their airborne tracings. The 
major changes in some records seem to explain 
these men’s tendency to pilot errors. 

Results obtained indicate airborne EEG record- 
ing as a promising method for the study of the 


. combined flights stress as well as a method for the 


selection of pilots. 


8. Clinical and EEG studies during the carotid 
amytal test for cerebral dominance. — T. Ras- 
MUSSEN and M. Houses, Montreal Neurological 
Institute, Montreal. 


We have now carried out Wada’s carotid amytal 
tests for determination of cerebral speech dominance 
in 50 patients, in whom there was uncertainty as to 
the lateralization of speech dominance, and in whom 
craniotomy was planned. In most patients the test 
has been earried out bilaterally. The production 
of a temporary hemiplegia contralateral to the side 
of the intracarotid injection of 200 mg. of 10 per 
cent sodium amytal with preservation of speech pro- 
vides identification of the non-dominant cerebral 
hemisphere as regards speech representation. The pro- 
duction of aphasia during the temporary hemiplegia 
identifies the cerebral hemisphere injected as con- 
taining the representation of speech. The use of this 
test has permitted more radical cerebral surgery in 
left handed and ambidextrous patients with safety 
as regards speech functions. The data concerning 
the lateralization of speech representation in these 
50 patients will be summarized. Samples of the EEG 
records that have been made during some of these 
tests will be shown. 


9. On the development of 6 and 14 per sec. 
spikes. — Davip R. METCALF, University of 
Colorado School of Medicine, Denver, Colorado. 
As part of a longitudinal study of human growth 

and development, serial electroencephalograms have 

been obtained on a group of children starting at age 

3 weeks. Among 40 subjects, 6 and 14 per see. spikes 

were found in one individual, an expremature with no 

neurological disturbance. 

Sixteen electroencephalograms (14 asleep) have 
been obtained on this child (2 months to 7 years). 
Six and 14 per sec. spikes were first noted at age 
4 years 6 months and have been seen with varying 
clarity on all 8 successive tracings. With a few minor 
exceptions, there are no other questionable findings 
in this individual’s EEG series. 

As noted by others, the qualitative nature of the 
discharges varies with recording technique and depth 
of sleep. It is likely but undemonstrated that other 
factors such as physical and physiological develop- 
mental variables may influence the appearance and 
quality of these discharges. The gradual development 
of the discharges is traced from the first minimal 
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findings through a period of great frequency and 
clarity of spiking to the present decreased quality and 
quantity of spiking. Pertinent clinical information 
will be presented and discussed with regard to pos- 
sible relations to the EEG findings. 


10. Gross figures. — JoHn A. AsBotT, Massachusetts 

General Hospital, Boston, Mass. 

In a number of abnormal states the EEG has 
the following characteristics: synchronous waves 
occur at 2 sets of electrodes over different regions 
of the scalp (e.g. over the right anterior and left 
posterior regions); these waves, though synchronous, 
are of opposite polarities with respect to a common 
remote electrode; between the regions sampled by 
these two sets of electrodes there is a strip where 
these waves are not apparent when electrodes in this 
strip are linked to the common remote electrode; 
such regions may, from time to time, vary in ex- 
tent and location. ‘‘Gross figure’’ is used to des- 
ignate a distribution of potentials which gives these 
characteristics to the EEG. Gross figures and their 
associated abnormalities (including notably metabolic 
disorders) are contrasted with the voltage distribu- 
tions associated with epilepsy, sleep and_ lesions 
causing the more familiar foci of slow waves which 
are synchronous and of the same polarity with respect 
to a common remote electrode. 


11. Resetting of cortical neuronal rhythms. — 
RoGer M. Morre.1, The Montreal Neurological 
Institute, Montreal. 

The rhythm of repetitively firing cortical neurones 
in the dog’s cruciate gyrus can be reset by antidromic 
(pyramidal), orthodromic, or direct (axonal) im- 
pulses interjected into the natural train. Orthodromic 
impulses were delivered by cortical stimulation or 
thalamie (VL) stimulation. Direct stimulation was 
accomplished by impaling a single corticospinal fiber 
in the pyramid, or a neurone soma which responded to 
pyramidal stimulation. The response was _ recorded 
with a bridge cireuit through the same microelectrode 
used for stimulation. 

Cortieal neurone rhythms could not be reset by 
direct (intracellular) stimulation, although anti- 
dromie, orthodromie and direct (corticospinal axon) 
interjected impulses reset the rhythm. This suggests 
that the intracellular stimulus did not invade the struc- 
ture responsible for the rhythm, and that random 
synaptic bombardment is probably as important as 
authorhythmicity in determining the cell’s pattern of 
firing. Since antidromic and direct (axonal) im- 
pulses reset the rhythm, recurrent collaterals probably 
play a role. 

Increased hyperpolarization following stimuli in- 
terjected into high frequency bursts strongly indicated 
the presence of cumulative inhibitory feedback, again 
over recurrent collaterals. Antidromic impulses did 
not reset strychnine rhythms. Since strychnine blocks 
the inhibitory endings of Renshaw cells in the cord, 
this might suggest that resetting of normal cortical 
rhythms takes place via recurrent collaterals and in- 
hibitory interneurones. 


12. Brain stem propagated after-discharges from the 
amygdala.! — O. J. ANpy and J. Mukawa, Uni- 
versity of Mississippi Medical Center, Jackson, 


Miss. 


The pattern of the propagated amygdaloid after- 


1 Aided in part by a grant from the U.S.P.H. Grant 


Number 5104-B. 
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discharge to the rostral mesencephalic and caudal 
diencephalic brain stem was studied in 30 awake eats. 


Electrodes were placed in the amygdaloid nuclei 
and in the mesencephalic and diencephalic brain stem 
structures. After-discharges were electrically induced 
in the amygdala with a Grass stimulator and re- 
cordings made on a Grass 16 channel electroencephalo- 
graph. Two hundred and twenty eight histologically 
verified points in the brain stem were studied. Three 
hundred and eighteen discharges were analyzed with 
respect to amplitude and laterality. The findings were 
plotted on frontal planes according to the Atlas of 
Jasper and Ajmone-Marsan. 

Propagated amygdaloid discharges appeared to 
be most concentrated in the areas of the hypothalamus, 
the habenula, the habenular interpedunecular tract and 
the interpeduncular nucleus. The next greatest area 
of propagation was to the ventral and lateral mesen- 
cephalic reticular region. Propagation appears to be 
predominantly ipsilateral throughout the entire brain 
stem. Contralateral propagation acquires its greatest 
amplitude in the areas of the habenular nuclei and 
hypothalamus. 

These results suggest two major pathways for 
propagated amygdaloid impulses to the brain stem, 
a dorsal and ventral. The first, through the habenular 
system and, second, through the hypothalamus. The 
implication of these systems undoubtedly accounts 
for the peculiar behavioral changes during varied 
forms of psychomotor seizures. 


13. Experiments on localization of genital function 
in the brain. —- Paut D. MACLEAN, Bryan W. 
ROBINSON and DeETLEV W. PLooG, National In- 
stitute of Mental Health, Bethesda, Md. 


There is evidence that a neural system involving 
parts of the hippocampus, cingulate gyrus and septum 
is implicated in pleasure and grooming reactions 
and sexual manifestations, including penile erection 
(MacLean, 1954; 1957). 


The present study deals with further experiments 
on localization of genital function in the brain. A 
progress report is given of experiments on squirrel 
monkeys in which we have employed a wide variety 
of parameters of electrical stimulation and have used 
penile erection as the end-point. One very effective 
locus lies in the medial preoptic region rostroventral 
to the anterior commissure where fibers course to and 
from the septum. 

Approximately between levels A10-A6, we have 
encountered two different types of nervous elements 
whose stimulation results in erection. One responds 
optimally to stimuli at 20-30 per see. and pulses of 
1.5 msee.; the other to stimuli at 90-110 per see. and 
pulses of 0.1 msee. Evidence is presented that allows 
one to infer that the elements of the former lie 
rostral to and possibly synapse with the latter, and 
that simultaneous stimulation of both results in 
summation. The latencies of penile erection in each 
case are respectively 6-7 see. and 3 sec. Stimulation 
of the slowly responding elements is frequently fol- 
lowed by propagated afterdischarges recorded from 
electrodes in the region of the hippocampus. 


14. Sensory interaction in the cerebellum of an- 
esthetized cats. — W. P. KoeLita and J. D. 
LogseR, Worcester Foundation for Experimental 
Biology, Shrewsbury, Mass. 

Cats were anesthetized with chloralose. Loud- 
speaker clicks, short light flashes, and short electrical 
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shocks to the skin (referred to as ‘‘tactile’’ stimuli) 
were used to induce sensory afferent volleys. Evoked 
potentials were recorded from the exposed vermal sur- 
face of the cerebellum. Using two stimulators, we 
applied two stimuli of different modality at dif- 
ferent time intervals. It was found that if the two 
volleys arrived at intervals of not more than ap- 
proximately 10 msec., mutual facilitation occurred. 
The ‘‘primary’’ positive-negative deflection was en- 
hanced. Superimposed spike components were also 
enhanced, or, if not present in the control records of 
either evoked potential, appeared if both stimuli were 
given. If the volleys arrived at intervals of from 
about 20 up to 300 msec., the second of the evoked 
potentials was inhibited. Such interaction phenom- 
ena were observed for the following combinations of 
stimuli: acoustic-optic, acoustic-‘‘tactile’’, and optic- 
‘“taetile’’. In addition, interaction was observed if 


(physiological) acoustic stimuli were combined with _ 


afferent volleys induced by stimulation of the cer- 
ebral visual projection area and also with the optic 
‘‘off’’ response. 


15. Correlation between monosynaptic reflex activ- 
ity and EEG during short barbiturate anesthesia 
under normal and pathological conditions. — 
ALBRECHT and ELIZABETH STRUPPLER, Munich, 
Germany. 

There is correlation between brain-wave activity 
and peripheral and central reflex excitability in man. 
During light anesthesia (Thiogenal: Merck) we found: 
1. During the initial state of anesthesia, when the 
EEG slows down to delta and theta activity in all 
leads, there is a corresponding decrease of tendon 
reflexes (ankle-jerk). 2. During the phase of frontal 
beta activation, the tendon reflexes decreased (some- 
times) to zero, and normal muscle tone disappeared. 
3. When consciousness returns, the tendon-reflex 
activity and the occipital brain-wave activity comes 
back to normal values, but the frontal EEG changes 
persist longer. 4. During sensory stimuli (acoustic) 
or cerebral activity (as in ealeulation) there is 
definite increase in tendon-reflex activity during the 
alpha inhibition. The excitability of the motor neu- 
rone itself (independent of muscle-spindle activity) 
differs from the tendon reflexes and the EEG. 

The relation of the reticular formation to the 
cortex, the blocking of alpha, and the gamma-motor- 
system (Granit) are discussed. Findings on patients 
with involuntary movements. are compared with 
normals. 


16. Condition specific electro-oculographic measures 
of fatigue. — CHRISTINE Kris, Boston Lying-in 
Hospital, Boston, Mass. 


17. Electroencephalographic determination of bar- 
biturate susceptibility in chronically adrenalec- 
tomized hormone supported cats, a preliminary 
report. — HUNTINGTON MAvor, STEWART COOK 
and W. F. CHAMBERS, U. of Vermont College 
of Medicine, Burlington, Vt. 

We have attempted to determine the minimal 
intravenous doses of Pentothal and pentobarbital 
necessary to produce ‘‘spindling’’ in the electro- 
corticograms of normal cats as compared to adre- 
nalectomized cats supported for periods of 4-5 weeks 
with optimal doses of either cortisone or desoxycor- 
ticosterone aéetate. Cats with altered adrenal states 
were found to be approximately twice as susceptible 
as normal cats to both Pentothal and pentobarbital. 
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Using bipolar sealp recordings, with pentobarbital 
anesthesia similar results were obtained. The effects 
on the EEG of rostral reticular stimulation following 
small inerements of pentobarbital were noted in 
normal and in altered adrenal states. The develop- 
ment of progressive EEG synchronization with ae. 
cumulative low doses of pentobarbital coincided with 
the progressive ineffectiveness of rostral reticular 
stimulation in causing cortical activation. The effects 
of rostral reticular stimulation were abolished in the 
hormone supported cats at doses of pentobarbital ap- 
proximately one-half those required for normals. 


18. Unitary analysis of the response elicited in the 
visual cortex of cat. — L. WIDEN and C. Ajmone 
Marsan, NIH, Bethesda, Md. 


Experiments were performed with tungsten mi- 
croelectrodes in the cortex and underlying white matter 
of the visual area in nembutalized cats. Responses 
were evoked by electrical stimulation of optic radia- 
tion. 

The majority of spike potentials recorded in 
these experimental conditions are temporally related 
to the primary, specific evoked surface response. 

Almost all spikes recorded during the first or 
second waves are picked up from the underlying white 
matter and all of them have pre-synaptie character- 
istics as tested by double shocks and high frequency 
stimulation. 

The spikes recorded during the 3rd wave have the 
most extensive spatial distribution being found in 
both cortex and white matter. Some behave as pre- 
synaptic; others as post-synaptic phenomena. 

The spikes recorded during the 4th and the rare 
ones temporally related to the 5th wave, all are of a 
post-synaptic type and most of them are only found 
within the cortex. 

There is a positive correlation between presence 
of spike and amplitude of the surface response. The 
relationship can be expressed as follows: a first or 
second wave spike appears when the Ist or 2nd wave 
have reached a eritical size. The spike then remains 
stable, responding to every stimulus. 

A third wave spike of pre-synaptic type behaves 
in the same way. Spikes of post-synaptic type, related 
to 3rd, 4th or 5th waves also appear when the Ist 
wave; (i.e. the afferent volley) has reached a certain 
size. Above this threshold value, however, they re- 
main ‘‘unstable’’ responding in an irregular way to 
stimuli of constant strength. Under these circum- 
stances the probability of discharge is greater, the 
larger the amplitude of the late surface waves. 

These findings provide further confirmation of 
some of the commonly offered interpretation on the 
nature of the various components of the surface 
response. They also provide an explanation of the 
difference of opinions still existing in regard to the 
nature of wave 3. This is considered post-synaptic 
by some and pre-synaptic by other investigators. On 
the basis of our findings both pre- and post-synaptic 
components are present in wave 3. 


19. Comparison of EEG activity recorded from dif- 
ferent locations on the scalp by means of auto- 
correlation and crosscorrelation analysis. — 
Joun S. BARLOw and MARGARET Z, FREEMAN, 
Massachusetts General Hospital and M. I. T., 
Cambridge, Mass. 

A quantitative measure of the degree of rhyth- 
micity of EEG activity, averaged over a predetermined 
interval of time (e.g. 1 min.), can be obtained by 
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autocorrelation analysis. Similarly, an indication of 
the existence of components common to two locations 
on the scalp, as well as the relation in time between 
them, can be obtained by crosscorrelation analysis. 
For example, the average phase relation between the 
activity at two locations that exhibit the same do- 
minant rhythm can be derived. Contrariwise, the fre- 
quencies of activity records from different areas can 
be clearly differentiated, even when they differ by 
only a small amount, with the use of these techniques. 
Some results of these studies for a group of normal 
subjects and for a small number of patients with 
disease of the brain will be presented and discussed 
in relation to concepts of cerebral pacemakers. 


20. A comparative study of sphenoidal needle and 
pharyngeal electrodes in the EEG of patients 
with temporal lobe seizures. — R. L. Rovrr, 
P. GLtoor and L. R. HENDERSON, Jr., Montreal. 


Discrete lesions of the mesial aspect of one 
temporal lobe, particularly in the amygdaloid and 
uneal areas, are frequently the cause of focal cerebral 
seizures. If patients with such discrete lesions are 
to be considered as candidates for surgical therapy, 
electrographic localization of the discharging focus 
must be precise and unequivocal. 


Methods for recording from the basal and mesio- 
basal aspect of the temporal lobe have been devised 
and are in use in various centers. Among these 
methods are the use of pharyngeal electrodes, tym- 
panic electrodes and insulated needles inserted 
beneath the sphenoid bone. Each specifie technique 
has its adherents. However, no sufficiently large 
series of cases have been studied in which pharyn- 
geal and sphenoidal electrodes have been used simul- 
taneously and their comparative usefulness assessed. 


We have investigated a series of patients, with 
the clinical manifestations of temporal lobe seizures, 
by recordings simultaneously from the convexity and 
from certain predetermined positions on the base. 
Standard pharyngeal electrodes and deep sphenoidal 
electrodes have been used in every case and their 
exact position verified radiographically. The anterior 
sphenoidal electrode was placed just lateral to the 
Pterygo-palatine fossa and a_ posterior sphenoidal 
electrode just lateral to the foramen ovale. Thus 
electrographic recordings have been obtained from 
three separate positions on the mesial surface of each 
temporal lobe. 


Methods and techniques of needle placement and 
recording will be outlined and certain preliminary ob- 
servations resulting from this study will be discussed. 


21. The familial occurrence of electroencephalo- 
graphic abnormalities involving the temporal 
areas (Preliminary Report). — E. A. Ropin 
and J. WHELAN, Wayne State University, Detroit, 
Mich. 


During the past year routine electroencephalo- 
grams were obtained on 12 normal volunteer families 
and 32 families where at least one member suffered 
from a convulsive disorder or psychiatric disturbance. 
The families consisted of parents and their children. 
Grandparents and distant relatives were excluded. It 
was noted that in certain instances electroencephalo- 
graphic abnormalities in the temporal areas were 
present in similar fashion in more than one member 
of a family. In adolescent patients with temporal 
lobe disturbances corresponding  electroencephalo- 
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graphic findings could be seen in one parent, while 
in cases of adult patients with temporal lobe con- 
vulsive disorders, the EEG of one of their children 
might likewise show a temporal focus. The nonpatient 
family members were clinically asymptomatic and 
there was no overt neurological cause for the EEG 
changes. The most common temporal EEG abnormal- 
ities were shifting complex theta and sharp wave 
discharges. Illustrative case material will be pre- 
sented. 


22. Microelectrode studies of temporal cortical unit 
activity during amygdaloid seizures in the cat. 
— G. YAMAMOTO and H. H. JAsrer, Montreal 
Neurological Institute, Montreal. 


23. A flash evoked electroencephalographic  re- 
sponse permitting detection of minor degrees of 
light sensitivity in man. — C. WeEsLEY WATSON, 
JouHNn Hunter, PATRICIA WANNING and REINETTE 
Bowker, Boston, Mass, 


This paper describes a previous unemphasized 
electroencephalographic sign of light sensitivity which 
assists in anticipation of impending seizure during 
photic stimulation; diagnosis of seizure susceptibility 
without structural basis, particularly where asym- 
metrical excessive discharges occur; and the exclusion 
of light sensitive individuals from occupations in which 
flashing light is an indigenous hazard, e.g. helicopter 
operation. 


Component and distribution analysis was under- 
taken of the various light evoked electroencephalogra- 
phic responses in the inkwriter traces of 285 light 
sensitive individuals comprising 101 subject to 
seizures and 71 relatives. 


A three component, ca. one second duration re- 
sponse, originating posteriorly and often asym- 
metrically, was identified. The response occurs early 
or terminally in relation to repetitive flashing. With 
favorable stimulation it underwent gradual trans- 
formation and became generalized as the familiar 
polyspike and slow wave discharge often accompanied 
by myoclonic seizure phenomena. It comprises a sur- 
face negative slow wave (ca. .3 sec.); a complex 
positive deflection (ca. .06 sec.) and a high amplitude 
(up to ca. 100 ywV. above baseline) negative slow 
wave (ca. .6 see.) of complex composition. 


Possible mechanisms of production and relation to 
other characteristic responses to repetitive flash in 
light sensitive individuals will be discussed. 


24. Anosognosic seizures: their clinical and EEG 
correlates. — ROBERT S. SCHWAB, Boston, Mass. 


We have recently been perturbed by finding, in 
a nurse with grand mal spells which were fully con- 
trolled by Dilantin and phenobarbital, that her regular 
visits reporting no spells were in error. Her sister, a 
nurse with whom she lives, came in and described 
three minor automatisms that she had noted, lasting 
under 30 sec., of which the patient had no recollection 
and was completely unaware that she had had them. 
These later were brought under full control by 
changes in her medication. We have encountered ten 
other patients whose major seizures were under com- 
plete and long-term control, but who had from time 
to time brief spells of which they were completely 
unaware. 

When these brief spells are of the petit mal 
pattern, i.e. simple loss of awareness without any 
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motor activity, the electroencephalogram usually shows 
spike and wave seizure patterns, and the spells can 
therefore. be readily identified. With the spells in- 
volving vocalization and chewing movements and 
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automatisms, the EEG in between spells may be 
perfectly normal. We feel that these could be better 
identified if they were specifically looked for during 
the visits of epileptics under otherwise good control, 
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Wilhelmina Gasthuis, Amsterdam 
March 7, 1959 


Secretary: O. MAGNUS 
St. Ursulakliniek, Wassenaar, Holland 


1. Statistical relations in the duration of some 
patterns in the EEG. — A. STRACKEE-KUIJER, 
J. J. DENIER VAN DER GON and J. STRACKEE, 
Heemstede and Amsterdam. 


The durations of some specific EEG patterns have : 


been measured. These patterns were: 1, the paroxysms 
of bilateral synchronous spikes and waves; 2, the in- 
tervals between them; 3, bursts of alpha waves; 4, 
the intervals between them; 5, the intervals between 
the typical discharges of subacute leucoencephalitis. 

The number of measurements varied between about 
100 and 1000 in an EEG. 

We could not detect correlations between: the 
sequential durations of the discharges; the sequential 
durations of the intervals; the duration of a discharge 
and that of the following interval; the duration of 
an interval and that of the following discharge. L.e., 
There is no influence on the duration of the pattern 
by the past events. 

For each EEG containing alpha bursts or par- 
oxysms of spikes and waves two histograms were made: 
(a) the number of discharges lasting a certain time; 
(b) the number of intervals lasting a certain time. 


Of the EEG’s of the subacute leucoencephalitis 
only the last histograms were made. All these histo- 
grams differed from a normal probability curve as 
they were more or less skew. As the histograms could 
not be described with an exponentially decaying funce- 
tion, the probability of termination of the phenom- 
enon must depend on the time of onset of the phe- 
nomenon. Therefore it appears that there have to 
be processes which start at the moment the phenom- 
enon starts. This holds for the discharges themselves 
as well as for the intervals. 


Because the probability of termination increases 
with time and in our material never becomes a con- 
stant, the processes, which start at the moment the 
phenomenon starts apparently exert influence up to 
the end of the phenomenon. 


2. EEG during heart operations with extracor- 
poreal circulation. — W. STORM VAN LEEUWEN, 
L. Kok and E. ZrerFrusz, Leiden. 


During 60 heart operations with extracorporeal 
circulation an EEG was recorded. The recording start- 
ed immediately after the patient was anaesthetized 
and was stopped when the operation was finished (4- 
14 hours). Eight electrodes were sewn into the scalp. 
An automatic frequency analyser (Walter) was used. 
The EEG apparatus was stationed outside the operat- 
ing theatre. The operation could be followed visually 


so A 
he can 
present 
evidence 

by means of a window in the wall and a mirror about siologis 
3 feet above the patient and acoustically by an inter- : 
com system. consti ti 

The ‘‘normal’’ EEG (taking inte account the logical 
anaesthesia) usually consists of beta and theta and them. | 
increase of delta activity up to 200-400 ywV. iments 

Cerebral anoxia is also causing the occurrence of i cas 
delta waves with low frequencies and high amplitudes. ; 
Serious anoxia quickly causes electrical silence. portun! 

The EEG proved valuable in spotting cerebral were fF 
anoxia. whom 
_ The automatic frequency analysis proved useful Seizure 
in evaluating the frequency content of the EEG. 1 

n 
3. The significance of the EEG in cerebro-vascular mary 0 
disorders. — J. H. A. VAN DER Drirr and O. tion of 

Macnus, Wassenaar. ry 

This study concerns 200 cases of ischemic dis- of era: 
orders of circulation, 77 cases of intracerebral hemor- : 
rhage, 40 cases of subarachnoidal hemorrhage and 30 — 
eases of diffuse cerebral vascular disorders. The chologi 
diagnosis was partly verified by operation or autopsy, records 
partly made by clinical and angiographic investiga- right t 
tions. 

In ischemic disorders the most extensive focal oe v6 
abnormalities were found in cases with occlusion of beautif 
the internal carotid artery and of the superficial troence 
branches of the medial cerebral artery. With a few of imp 
exceptions these abnormalities were strictly unilateral. two as 
Occlusion of the posterior cerebral artery and of the lation 
anterior cerebral artery showed less marked foeal mation 
abnormalities. Occlusion of the deep branches of the tegrati 
medial cerebral artery and of the basilar artery did The 
not give rise to focal EEG abnormalities. iden, 

In most cases there was a difference in the EEG ” 
between the abnormalities found in cerebral throm- drawin 
bosis and in cerebral embolism. The last cases showed detaile 
more extensive and longer lasting delta activity and of sup) 
more epileptiform activity. The abnormalities found viseera 
in cerebral hemorrhage were predominantly determined ; 
by the site of the lesion and not by its cause. In mpple 
contrast with the capsular thrombosis the capsular servati 
hemorrhage caused marked focal EEG abnormalities. are or 

The EEG disorders in cerebral hemorrhage usually eorrobs 
were more extensive and not so strictly unilateral as Thi 
in ischemic vascular disease. The abnormalities found odug 
in a pure subarachnoidal hemorrhage are considered 30 yee 
to be due to a disturbance of the higher brain stem. ability 

In diffuse cerebral vascular disorders apart from scribes 
other abnormalities, bilateral intermittent rhythmic 
delta activity maximal at the frontal pole was often 
seen. 1] 
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BOOK REVIEWS 


Edited by CHARLES E. HENRY 


THE EXCITABLE CORTEX IN CONSCIOUS MAN 


WILDER PENFIELD 
Charles C. Thomas, Springfield, Illinois, 1958, 43 pp., $2.50 


‘‘A elinician must contribute to Science as best 
he can from very different material and as chance 
presents it. The brain and the mind of man constitute 
evidence that is denied to the experimental phy- 
siologist. Man talks and thinks for himself, and that 
constitutes our great opportunity. But the physio- 
logical clinician cannot control experiments nor plan 
them. Disease and stress and accidents perform exper- 
iments on the brain of men and women and children. 
We can only wait and watch and rationalize, as op- 
portunity presents itself. All operations reported here 
were practical attempts to help patients, most of 
whom were suffering from focal epileptic seizures. 
Seizures were stopped in about half the cases.’’ 


In this way Penfield introduces a 40-page sum- 
mary of his years of magnificent work on the stimula- 
tion of the human cortex. The great virtue of this 
work is that he has approached each of his hundreds 
of craniotomies, not only therapeutically as a_ sur- 
geon, but scientifically as a physiologist and psy- 
chologist who observes carefully and makes extensive 
records at the time. He would probably disclaim any 
right to be called a psychologist, but his observations 
have brought important data to that field.1 Penfield’s 
beautiful records with charts, photographs and elec- 
troencephalograms have been the basis of a long series 
of important papers. The present little book reviews 
two aspects of his work: the results of cortical stim- 
ulation and his hypothesis of a centrencephalic in- 
tegrating system. 


The results of human cortical stimulation are sum- 
marized modestly and almost too briefly. Useful 
drawings are reproduced and adequate references to 
detailed researches are given. The location in man 
of supplementary and secondary sensory areas, and of 
visceral sensation, as well as the descriptions of a 
supplementary motor area, and refinements of ob- 
servations in the classical motor and sensory areas, 
are original contributions, well known by now and 
corroborated by repetition and by other observers. 
This map-making is not done in the definitive way of 
30 years ago. Penfield understands well the vari- 
ability of response of the different areas and de- 
scribes it. But maps are disturbing to some of his 


1 I applaud Tolstoi’s words of 1875 — “Is there a line 
to be drawn between psychological 
nomena in man ? 
chapter VII). 


and physiological phe- 


If so, where ?”’ (Anna Karenina, part I, 
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critics, notably Walshe. One cannot discuss Pen- 
field’s contribution without taking cognizance of 
Walshe’s attack in 1957, which perhaps caused Pen- 
field to put his soft answer in the form of the 
present Sherrington Lecture. Sir Francis wields a 
weight and witty pen, and with it he has intimidated 
a generation of neurologists. But that is no reason 
why we should quietly accept such intolerant and 
destructive attacks without protest. For example: in 
one of Penfield’s earlier papers on localization of 
motor function, he published a diagram of the cortex 
in which the motor area is graphically depicted as a 
homunculus with big face and lips and hands and a 
small body. This has been useful in teaching because 
it strikingly illustrates some physiological truths; it 
is knowingly diagrammatic and carefully labeled as 
such. Yet Sir Francis blasts it as a ‘‘reversion’’ to 
‘medieval heraldry’’. The exhibition of such edi- 
torial bad taste makes one wonder if some ‘‘homun- 
culus’’ might not be sitting in Sir Francis’ frontal 
lobes, taking possession of him whenever he begins 
to write and compeling him to show off his pretty 
wit. Moreover, this criticizing paper is not above 
criticism. Walshe’s resurrection of Carpenter’s ideas 
concerning the physiology of the brain seems about 
as pertinent as a review of Leonardo da Vinci’s 
aeroplane plans would be for modern aviation. Nor 
does this reviewer believe the statement that ‘‘ neither 
Jackson nor Sherrington accepted mental activity as 
a function of the nervous system’’. 

Be that as it may, Penfield’s observations over 
a quarter of a century stand as a permanent monu- 
ment; interpretations: and hypotheses change with 
the advancing knowledge of the time, but observations 
are immortal. 


The observation that ‘‘ psychical responses’’ (page 
20) could be elicited by stimulation of parts of the 
temporal cortex is something entirely new. Under 
this term Penfield includes ‘‘experiential hallucina- 
tions’’ and ‘‘interpretive illusions’’. The former are 
complete bits of past experience, vivid little scenes 
both seen and heard like dreams, but to the patient 
they are not completely he knows they are 
memories and reports them as such. The latter are 
illusions of perception; the patient when stimulated 
by the electrodes that ‘‘things seem un- 
familiar’’ or too familiar, or too large or too small. 
These illusions also are only elicited from the temporal 
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reports 
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lobe cortex, and their resemblance to auras of tem- 
poral lobe fits is striking. It is also remarkable that 
Penfield has been able to elicit experiential hallu- 
cinations only from the temporal lobes of epileptic 
patients, and only in 37 of the epileptics upon whom 
he has operated. This fact, though striking, does not 
make the observations less important; a few positive 
experiments are more interesting than hundreds of 
negatives. The facts of these stimulation experiments 
added to the observation that bilateral removal of the 
inferior mesial zones of both temporal lobes inter- 
feres with memory (page 36) makes it obvious that 
the temporal lobes and their central connections are 
important organs for the mechanism of memory re- 
eall. 


Another contribution arising from Penfield’s cor- 
tical stimulations is his demonstration that electrical 
stimulation of a gyrus in a sensory region of the 
cortex, even when completely circumcised, i.e. when 
eut off from all lateral association with other cor- 
tical areas, causes the patient to report sensation. He 
believes that impulses induced in this way return to 
subcortical structures by way of long corticofugal 
fibres. This taken in conjunction with the observa- 
tion by Penfield (page 8) and other neurosurgeons, 
that small lesions in the brain stem cause more inter- 
ference with consciousness than lesions of the cortex, 
gave rise to his theory of a ‘‘centrencephalic system’’ 
in the diencephalon. 


In my opinion, the surgical observations do not 
prove that the brain stem has a major role in pro- 
ducing consciousness; they may only indicate that the 
neuron circuits responsible for this state of mind 
are most vulnerable in that region, probably because 
a small lesion can, at that level, injure more of them. 
As these circuits spread out to many parts of both 
hemispheres they become less vulnerable to small 
lesions, but they are no less important to conscious- 
ness. I believe that here in the cerebral cortex is 
located an essential mechanism for the receptive fune- 
tion which I have elsewhere (Cobb 1952) called the 
discriminative part of consciousness. I do not believe 
that ‘‘large areas of cerebral cortex could be removed 
without loss of consciousness.’’ (page 8). Of course 
they can be removed without causing stupor or coma, 
but refined psychological tests show that cortical 
removals reduce that attentive and discriminative 
awareness which I consider an important part of con- 
sciousness. 

Penfield’s observations and theory are of im- 
portance whether or not one agrees that this cen- 
trencephalic system is the great integrator. At least 
one can think of these long feed-backs as indispensable 
to the complicated cerebral functions. 


The ‘‘ psychical responses’’ elicited by Penfield 
are a quite different sort of phenomenon from simple 
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memory traces (Thorpe 1956), the basic function of 
nervous tissue that provides for reaction in the light 
of past experiences. Until this basic memory meeh- 
anism is understood one cannot hope to understand 
the scenes from the past evoked by stimulation of the 
human brain. The mechanism by which memories are 
stored is still a mystery. 


These are the observations; a discussion of the 
hypotheses is quite a different thing. Here, matters 
of emphasis and opinion come in, and Penfield em- 
phasizes that when ultimate truth is known, present 
philosophies will largely disappear (page 4). With 
several of Penfield’s conclusions I do not entirely 
agree, and I admit that this difference in theory is 
of little importance as compared to Penfield’s dis- 
coveries. Nevertheless, discussions bring up problems 
for investigation and have their place in scientific 
endeavor. Many of Penfield’s data were well de- 
scribed in his paper at the symposium on ‘‘The 
Neurological Basis of Behavior’’ (Wolstenholme and 
O’Connor 1958); and they were thoroughly discussed 
at that meeting by a group of brilliant neurologists, 
My own points are as follows: 


On page 7 Penfield gives his hypothesis: ‘‘ Let 
us assume that there is a system of nerve fibre tracts 
and of gray matter within the higher brain stem 
which plays the major role in the organization of 
the functions of the two hemispheres.’’ I believe that 
this is a sound and useful assumption except for two 
werds ‘“the major’’; I would rather say ‘‘an 
important role’’. ‘‘The organization of the functions 
of the two hemispheres’’ seems to me to be important 
for mind and consciousness. The sections of the 
corpus callosum by Van Wagenen reported by Smith 
and Akelaitis in 1942 proved that a large part of the 
coordination of the functions of the two hemispheres 
must take place by way of tracts from cortex to 
striatum or diencephalon. Since then the extensive 
work on the reticular formation of the brain stem 
emphasizes the importance of this region in relation 
to cerebral function. But I see no reason for believing 
that the ‘‘higher brain stem’’ plays the ‘‘major 
role’’, 

To me it seems that the ‘‘centrencephalic system’’ 
is a useful concept, a good ‘‘working hypothesis’’ as 
Penfield calls it, to help explain the phenomena of 
consciousness and memory, but, from its very nature 
it must be a connecting system that integrates im- 
pulses from the hemispheres, and thus cannot be con- 
fined to the diencephalon, mesencephalon and meten- 
cephalon, because an essential part of the system is 
the series of long circuits that reach out to the cortex 
and return therefrom. There are, no doubt, also many 
short circuits within the brain stem. But to me the 
complex and varying phenomena of consciousness and 
memory can only be explained by an hypothesis of 
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many circuits, large and small, integrated at all 
levels of the neuraxis and including transcortical and 
callosal connection. It is indeed a picture of wheels 
within wheels, but one does not need to be troubled 
by the whirling complexity of the picture. 

The reflexology of the first quarter of this century, 
with its concept of the nervous system as an over- 
grown switchboard with 
simple. It has been surpassed by the new knowledge 
of reverberating circuits, feed-back systems and the 
central modulation of sensory perception. A new 
picture of the activity of the brain emerges: a picture 
of a forebrain alerted to receive selected stimuli 
by mechanisms in the brain stem, which can in turn 
influence peripheral sensory input. Each of these 
levels acts on the others by signals from internuncial 
dreuits. Such a concept of cerebral processes gives 
an idea of large patterns of excitation with continuity 
and rhythm. It explains the function of many neu- 
rons and short tracts that until recently had an- 
atomical names but no meaning. The centrencephalic 
system is an important part of all this, but such 
functions as memory and consciousness are too fund- 
amental to be localized in any one system. Memory 
is a fundamental function of even simple integrations 


specific centers, was too 
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of neurons, because it is the function that allows for 
reaction in the light of past experience. Consciousness 
is a part of mind that emerges gradually during the 
course of the phylogenetic evolution of the brain, 
appearing in its full human form only when the brain 
has attained an enormous complexity. Such functions 
are certainly more dependent on the integrity of some 
parts of the brain than on others, but in my opinion, 
they cannot be localized in any one system or small 
group of anatomical systems. 


STANLEY COBB 
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ANNOUNCEMENT 


BOARD OF QUALIFICATION 


The Board of Qualification of the American Electroencephalographic 
Society held its annual examination in Baltimore, Maryland on June 9, 1959. 


The following candidate was qualified: 


Dr. Ropert J. Joynt, Iowa City, Iowa. 


The next written examination will be given in early March, 1960. This 


portion of the examination is given in the candidate’s home city. 


The oral 


and practical portion of the examination will be given in Hartford, Connecticut 
in early June, just preceding the meeting of the American EEG Society in Boston. 
Completed applications for examination must be submitted by February 1, 1960. 


The present Board of Qualification is as follows: 


Chairman: JEROME K. MERLIs, Baltimore 


Secretary: 


CHARLES E. Henry, Hartford 


CurTIS MARSHALL, Baltimore 
A. EARL WALKER, Baltimore 
RicHAkRD P. ScHmiptT, Gainesville 


Information and application forms may be obtained from the Chairman at 


University Hospital, Baltimore 1, Maryland. 


In Mareh 1957 a Symposium on the Reticular 
Formation was held at the Henry Ford Hospital 
(Detroit, Mich.). Only four years had elapsed since 
the St. Marguerite Symposium, but the Co-chairmen of 
the Local Program Committee, Drs. Knighton and 
Proctor, thought that the enormous amount of work 
performed during this period deserved to be dis- 
cussed in an international meeting of neuroanatomists, 
neurophysiologists, neuropharmacologists, experimental 
psychologists and clinicians. This volume, published 
under the auspices of the Henry Ford Hospital, con- 
tains the papers and discussions of the Detroit Meet- 
ing, and is the best evidence that Drs. Knighton and 
Proctor were justified in proposing the Symposium 
subject. 

The book starts with two outstanding anatomical 
contributions, devoted to the hodology (Nauta and 
Kuypers) and synaptology (A. B. and M. E. Scheibel) 
of the brain stem reticular formation. Nauta and 
Kuypers point out that extralemniscal sensory path- 
ways, arising from the spinal cord and the trigeminal 
sensory nuclei, mix inextricably with the ascending 
reticular fibers. The importance of these facts for 
the physiologist hardly requires emphasis. They stress 
the need of a physiological analysis to differentiate 
the ascending reticular system from the extralem- 
niscal sensory paths. These paths are obviously co- 
stimulated whenever electrical pulses are applied to 
the reticular formation, and the bilateral section of 
the lemnisci at midbrain level will abolish neither the 
tonic nor the phasic effects exerted on the cerebrum 
by the volleys ascending along them. Experiments 
published after the Detroit Symposium1 may re- 
present a first step in this direction. Although the 
diffuse tegmental pathways arising in the spinal cord 
and in the sensory nuclei of the trigeminus are severed 
to the same degree after midpontine pretrigeminal 
transection and complete midbrain section (Bremer’s 
cerveau isolé), only in the latter preparation are the 
well known EEG sleep patterns observed. In the mid- 
pontine pretrigeminal cat EEG activation patterns 
actually predominate, a fact suggesting that the tonic 
activity of somata lying in the upper pons has a 
critical importance for the maintenance of wakeful- 
ness. A great stimulus to reticular physiology will 


1 BaTini, C., Morvuzzi, G., PALESTINI, M., Rossi, 
G. F. and ZANcHETTI, A. Arch. ital. Biol., 1959, 
Sat: a. 


[ 624 | 


RETICULAR FORMATION OF THE BRAIN 


HERBERT H. JASPER, LORNE D. PROCTOR, ROBERT S. KNIGHTON, 
WILLIAM C. NOSHAY and RUSSEL T. COSTELLO, Eds. 


Little, Brown & Company, Boston, 1958, 766 pp., $16.00 


be provided by the findings of Nauta and Kuypers 
on the ultimate distribution of long ascending retie-. 
ular fibers not only to the subthalamus and the intra- 
laminar nuclei of the thalamus, but also to the hypo- 
thalamus, to the limbie system and to the basal 
ganglia. Massive reciprocating connections are de- 
scribed, moreover, between the hippocampal system 
and the reticular structures of the midbrain. These 
data suggest a wealth of experimental approaches 
to the investigator. Incidentally, they imply, in the 
reviewer’s opinion, that the midline nuclei of the 
thalamus represent merely one of the structures in- 
fluenced by the reticular formation of the brain stem, 
and it may be misleading to stress this connection 
to the exclusion of the others. 

The Scheibels summarize the results of seven years 
of work devoted to a study of the reticular formation 
with the Golgi method. Their beautiful illustrations 
show some data which could have been predicted from 
physiological observations, such as the tremendous 
convergence of afferent axons onto reticular neurons. 
But here again a wealth of new morphological find- 
ings confronts the physiologist with entirely new 
problems. There is a surprising tendency for the 
collaterals of the spino-thalamic and pyramidal tracts, 
as well as the arborizations of the dendrites of the 
reticular neurons to be organized in planes approxim- 
ately perpendicular to the long axis of the brain stem. 
Golgi type II cells are lacking in the brain stem 
reticular core, a fact which does not fit the physio- 
logical hypothesis of chains of short-axoned cells, 
although the richly branching collaterals given off by 
the long reticular axons maw well subserve the same 
purpose. Some results obtained with newborn rats 
or mice represent a fascinating achievement of the 
Golgi technique, since axons arising in the rostral 
magnocellular portion of the medulla have been fol- 
lowed up to the diencephalon, and are seen to send 
collaterals not only to the intralaminar nuclei but 
also to the specifie relay nuclei of the thalamus, Final: 
ly the large medullo-reticular cells whose axons pro 
ject both rostrally and caudally may represent one 
of the means of correlation between ascending and 
descending reticular systems. 

The point of view of comparative neuroanatomy is 
presented by one of its greatest leaders, Dr. C. J. 
Herrick, in collaboration with Geo. H. Bishop. They 
compare the amphibian and mammalian _lemniseal 
systems and deal with their relation to the reticular 
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formation. Other considerations, mainly based on 
comparative neuroanatomy, are presented by Bishop 
in a separate report. 


The physiological material starts with a report by 
Amassian and Waller. By timing the spike discharges 
of reticular units with an electronic chronometer they 
found that the mean number of discharges, their 
latencies and the duration of the interspike intervals 
differed in certain reticular neurons depending upon 
the part of the body surface which was stimulated. 
Hence, afferent convergence is not necessarily accom- 
panied by a loss of information concerning the peri- 
pheral source of the afferent volleys, and space in the 
periphery is partly coded centrally in the timing of 
the repetitive response. They think that these retic- 
ular cells may be related to local behavioral responses 
or to local sign in perception. The generalized functions 
of the reticular formation may be performed by other 
neurons, with wide receptive fields, which respond 
similarly to different afferent sources. 


Livingston reviews the fascinating problem of 
brain stem control of afferent activity, a field of 
investigation that has been at the center of neuro- 
physiological endeavour since 1952, when Granit and 
Kaada discovered that reticular stimulation exerts a 
striking influence on the central control of spindle 
discharge. Livingston points out that whenever sense 
organs or second and third order sensory neurons were 
shown to be under the control of the central nervous 
system, either (i) the reticular formation or (ii) 
central structures known to be associated with it were 
found to be eapable of this influence. In the re- 
viewer’s opinion, the evidence for (ii) should not be 
regarded as convineing proof that this control, in- 
cluding the phenomena of habituation and sensory 
attention so brilliantly investigated by Hernandez- 
Peén and his colleagues, belong exclusively, or even 
predominantly, to the reticular formation. This has 
indeed been the prevailing trend of thought during 
recent years, although in the pioneer work of Granit 
and Kaada it had been clearly stated that muscle 
spindles could be influenced by stimulating several 
other structures, like the cerebellum, the motor cortex 
and the pyramidal tract. It has been shown recently 
(i) that the midbrain points whose electrical stimula- 
tion inhibits the auditory response of the cochlear 
nucleus lie outside the reticular formation! and (ii) 
that habituation of visual responses can be easily ob- 
tained when all the bulbo-pontine and part of the 
midbrain reticular formation has been disconnected 
from the cerebrum by a postcollicular transection.2 


1DresMEDT, J. E. and MECHELSE, K. C. R. Soe. 
Biol., 1957, 151: 2209. 

2Mancia, M., MEuLpERS, M. and SANTIBANEZ, G. 
Arch. ital. Biol., 1959, 97, in press. 
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Two contributions, by O’Leary, Kerr, and Gol- 
dring and by Arduini, deal with D.C. recording from 
the cerebral cortex during stimulation of the midline 
thalamic nuclei and of the brain stem reticular 
formation. The first group, working on pretrigeminal 
rabbits, shows that an enduring surface-negative shift 
is initiated in the frontal areas by high rate stimula- 
tion of the midline thalamus and of the midbrain 
reticular formation. Arduini starts with a summary 
of his experiments with Mancia and Mechelse (1956, 
1957). They found that the EEG arousal elicited by 
sensory stimulation was accompanied, in the un- 
anesthetized cat, by a _ surface-negative potential 
oscillation all over the dorsal aspect of the cerebrum, 
a phenomenon which was shown to be neural in origin 
and probably mediated by the ascending reticular 
system. These D.C. shifts were observed also during 
experiments of reticular and thalamic stimulation he 
performed with Brookhart et al. However the en- 
during potential changes elicited by reticular stim- 
ulation, like those occurring during sensory arousal, 
could be recorded from the entire dorsal aspect of the 
cerebral cortex, while the surface-negative shifts 
elicited by high rate stimulation of the midline and 
relay nuclei of the thalamus were strictly localized to 
the same areas which show recruiting and aug- 
menting responses during 8-10/see. stimulation of the 
midline and relay nuclei respectively. Hence there is 
a rather unexpected difference between the brain 
stem reticular formation and the so-called diffuse 
projection nuclei of the thalamus, even when the same 
parameters of electrical stimulation are applied. It 
follows that the well known spatial limitations of the 
recruiting responses cannot be ascribed simply to the 
inability of low rate (8/see.) stimulation to over- 
come synaptic resistances within the thalamic strue- 
tures, another finding which tends to argue against 
the inclusion of the midline thalamic nuclei within 
the ascending reticular system. 

In reviewing his work with Ricci and Doane on 
the discharge of corti¢al units of the unanesthetized 
monkey, Jasper states that ‘‘the so-called arousal 
patterns of the EEG may be associated with complex 
inhibitory and excitatory changes in unit cell dis- 
charge within the cortex’’, a conclusion that fits 
previous results obtained with other animals and in 
different experimental conditions. He rightly em- 
phasizes that if the reticular system is important in 
the process of consciousness, ‘‘it must possess pro- 
perties of differential organization. In this process, 
inhibitory mechanisms probably play a leading role’’. 
The fine technique developed by Jasper, Ricci and 
Doane lends itself admirably to an analysis of this 
differential organization of the ascending reticular 
system in the unanesthetized animal with full in- 
tegrity of the central nervous system. It is to be 
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hoped that further work will be done along these lines 
of investigation. Similar views had been put forward 
in the final discussion of the St. Marguerite Sympo- 
sium and at the Brussels Congress, and Anokhin has 
recently reported evidence showing that there might 
be several types of EEG arousal. The problem of 
whether the ascending reticular system is concerned 
exclusively with providing an unspecific facilitatory 
influence or if it is endowed with a more subtle and 
differentiated organization is one that might be 
solved eventually only by multiple microelectrode re- 
cording from the reticular formation and the cerebral 
cortex of the unanesthetized animal. 


Dell summarizes the important observations made 


by him and his associates. He recalls that adrenaline , 
arousal, but not hypereapnic arousal, is abolished by . 


a prepontine transection, while the EEG effects of 
increased pCO, are no longer observed only if the 
midbrain is disconnected from the cerebrum. An 
elegant demonstration that the reticular neurons which 
regulates respiration have the same sensitivity to 
CO, as those belonging to the ascending reticular 
system is provided by Dell’s preparations with a 
pontine transection, in which inhalation of CO, pro- 
duced EEG arousal and increased phrenic discharge 
at the same time. Dell’s hypotheses of the adrenergic 
mechanism in reticular arousal and of the translation 
of bodily needs into behaviour are vigorously ex- 
pressed, and appear undoubtedly to be supported by 
several lines of indirect evidence. However, recent 
observations 1 showing the absence of EEG arousal 
following intra-arterial injections of adrenaline and 
nor-adrenaline, in doses large enough to produce a 
contraction of the nictitating membrane stronger than 
that elicited by activating intravenous doses of the 
catecholamines, cannot be easily reconciled with this 
hypothesis. One should not forget, moreover, that 
the EEG arousal is usually obtained with high intra- 
venous doses of adrenaline or following strong noci- 
ceptive stimulations. It would be interesting to ascer- 
tain, quantitatively, whether. the oversecretion of 
adrenaline elicited by hypoglycemia in the fasting 
animal is indeed adequate, as Dell has suggested, to 
produce EEG and behavioural effects. Of course 
these difficulties should simply stimulate the phys- 
iologist to carry on further investigations starting 
from Dell’s observations, which have been repeatedly 
confirmed and whose importance appears to be great 
whatever the ultimate interpretation will be 

Ingvar deals with an extremely interesting field 
of investigation, that of the cortical circulatory 
changes occurring during EEG arousal. With Soder- 
berg he has found, in Granit’s laboratory, that an in- 


1 MANTEGAZZINI, P., PorckK, K. and SANTIBANEZ, 
G. Arch. ital. Biol., 1959, 97, in press. 
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crease of cortical blood flow, exclusively due to local 
decrease of vascular resistance, occurs in the eneé- 
phale isolé following reticular stimulation. This effect 
is always secondary to the EEG arousal, and usually 
the cortical blood flow comes back to its prestimula- 
tory level when the first spindles reappear. Both 
phenomena are shorter in duration and less pro- 
nounced in the cerveau isolé. It is well known that 
reticular stimulation occasionally elicits the so-called 
‘‘flattening reaction’’, i.e. the spindles disappear 
without being replaced by low voltage fast activity, 
In these cases the circulatory changes are absent, and 
Ingvar suggests that only true cortical activation 
gives rise to an increase of oxygen consumption and 
thus of the output of CO,. The circulatory phenomena 
are probably related with local metabolic changes of 
pCoO,. ? 

The important results obtained by the Freiburg 
group in several years of work devoted to a miero- 
electrode analysis of the visual cortex are summarized 
by Jung. It is well known that these investigators 
have found five groups of neurons in the visual cortex 
of the cat, the distinction being based upon their 
response to photic stimulation. Types B, D and E£, 
three of these cell groups, correspond to the on, 
off and on-off units of the retina respectively. Neu- 
rons A are unaffected either by light or darkness, 
while group C show on and off inhibition when short 
flashes are applied and appear to be unaffected by 
prolonged darkness or illumination. The _light-re- 
sponsive B, D, E neurons and even the A units are 
driven during recruiting stimulation of the midline 
nuclei of the thalamus. The A-neurons, though they 
do not respond to light as such, may show different 
reactions in light and darkness, while the critical 
fusion frequency of the B units is heightened follow- 
ing thalamic or reticular stimulation. Jung con- 
cluded that the non-specific system ‘‘may induce in- 
creased readiness of cortical neurons to respond to 
series of afferent impulses that cannot be followed 
without thalamic or reticular stimulation’’. This 
fine example of a facilitating influence exerted by 
the ascending reticular system on specific functions 
of the cortex should be correlated with the recent 
results obtained in Bremer’s and Dell’s laboratories 
and with the studies of Lindsley, to be reported below. 


Purpura’s report concerns the excitatory and in- 
hibitory synaptic mechanisms of the cerebral cortex. 
The reader is refered to the Symposium on dendrites 
which is published in the 10th Supplement of this 
Journal for a more recent presentation and discussion 
of the results obtained by the group at the Columbia 
University. It is difficult for those who do not have 
direct experience in this field to express an opinion, 
not on the factual data, which have been confirmed 
and are incidentally documented in this report by 
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several good records, but on their interpretation. On 
the whole one remains with the impression that the 
author has a tendency to rely too much on pharma- 
ecological evidence. Since the time of Claude Bernard 
it has always been the hope of the physiologist to 
make what has been called a functional dissection by 
the use of suitable drugs; and there is little doubt 
that results of the greatest importance were achieved 
whenever strict specificity of pharmacological action 
was demonstrated. To provide this demonstration is 
not always easy, however, and mainly for _ this 
reason some physiologists would not agree with some 
of the interpretations offered in Purpura’s report. 
Because of space limitations only two examples of 
this possible divergence of views are given below. 
Strychnine by no means blocks all inhibitory effects, 
as shown e.g. by the fact that the inhibition elicited 
by electrical stimulation of the cerebellar anterior 
lobe is present, and possibly enhanced, after intra- 
injection even of tetanizing doses of the 
drug 1.2.3, On the other hand the fact that no con- 
vulsive ‘‘spikes’’ can be detected following local 
application of the convulsant drug does not imply 
that it is impossible to stimulate the underlying 
neurons with this procedure. As a matter of fact 
cerebellar excitation by local strychnine has been 
demonstrated in several ways4, even in non-decer- 
ebrated animals 5.6, while there is convincing evidence 
that inhibition by hyperpolarization occurs within 
the cerebellar cortex?. The action of y-aminobutyric 
acid (GABA) is another example. Several conclusions 
have been drawn in this report from experiments of 
topical application of GABA. However, a different 
interpretation of these findings has been recently 
advanced 8. Moreover further possibilities of testing 
Purpura’s hypothesis with GABA may be provided 
by the observation that strychnine ‘‘spikes’’ are 
absent not only in the cerebellum but also in the 
olfactory bulb 9. 

French reviews the 
the reticular formation, a problem which has been 
studied with suecess by him and other investigators in 
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Physiology and Pathology. Minneapolis, University 
of Minnesota Press, 1958. 
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Magoun’s laboratory. EEG arousal can be obtained by 
stimulating those areas of the cerebral cortex, and 
those areas only, which project onto the reticular 
formation. Investigations on monkeys with implanted 
electrodes show that EEG activation parallels be- 
havioural arousal. Low intensities of stimulation elicit 
behaviour suggesting alertness, while stronger stimuli 
evoke reaction patterns indicating fear. 

The physiology of the descending reticular system 
is reviewed by Ward and by Eldred and Fujimori. 
Eldred and Fujimori are concerned with the reticular 
areas whose stimulation influences spindle activity. 
They state that stimulation of several regions of the 
reticular formation yields non-reciprocal, bilaterally 
symmetrical facilitation. Contrary to expectation, they 
report facilitation of muscle spindles following stim- 
ulation of Magoun’s bulbo-inhibitory center. 

Several studies are devoted to the relationships 
between the reticular formation and endocrine activity. 
Harris points out that the reticular formation may 
influence the hypophysis via (i) the rich fiber con- 
nections between the midbrain and the tuberal area 
of the hypothalamus, and (ii) a more cireuitous route 
involving the archipallium. He reports on his im- 
portant experiments dealing with the influence of the 
hypothalamus on pituitary thyrotropie secretion and 
on sexual behaviour. According to Sawyer proges- 
terone markedly influences the reticular threshold for 
EEG and behavioural arousal of the castrated female 
rabbit. Hume is concerned exclusively with the hypo- 
thalamus and the localization of the zones controlling 
the secretion of corticotropin, thyrotropin and gona- 
dotropin. 

Neuropharmacology is represented by the contri- 
butions of K.F. and E.K. Killam, of Bradley and of 
Domino. The Killams show that, in sharp contrast 
with barbiturates, mephenesin blocks both recruiting 
and EEG arousal responses elicited by stimulating the 
thalamus, but not the EEG arousal produced by re- 
ticular stimulation. Tranquilizing agents like chlor- 
promazine and reserpine have no effect on reticular 
and thalamic arousal in the curarized cat, although in 
the spontaneously sleeping 
markedly raises the thalamic thresholds both for EEG 
and, to a higher degree, for behavioural arousal. The 
reticular stimulation effects on EEG are, however, not 
influenced by the drug in the spontaneously sleeping 
eat, while those on behaviour are only slightly de- 


animal chlorpromazine 


pressed. 

The possibility of using drugs to dissociate EEG 
from behavioural arousal, or thalamie from reticular 
effects, is from the neurophysiologist’s standpoint 
perhaps the most important contribution of neuro- 
pharmacology to this field of investigation; and much 
work has been carried out since Wikler’s discovery 
of the striking dissociating effects of atropine. This 
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field has been thoroughly studied by Elkes and 
Bradley and the results of their work is reported. 
Bradley makes a distinction between the drugs (like 
physostigmine and atropine) whose effects on elec- 
trical activity do not correlate with behaviour and 
those (amphetamine and LSD 25) which exert a 
parallel effect. The effects of the first group of 
drugs are unchanged by brain stem transections, while 
the action of amphetamine is absent in the cerveau 
isolé, and that of LSD 25 is absent in the encéphale 
isolé. 

Domino reports on an interesting pharmacological 
dissociation between the ascending and descending 
components of the reticular system. The EEG flatten- 
ing elicited by reticular stimulation, in the chloralosed 


eat, is not depressed, but occasionally enhanced, by - 


doses of a centrally acting muscle relaxant, zoxazo- 
lamine, which markedly reduces the effect on the 
patellar reflex. While reviewing the action of chlor- 
promazine on postural extensor tonus, he fails to quote 
an important paper, probably because it had been 
published shortly before the Symposium. Henatsch 
and Ingvar (1956) have shown that chlorpromazine 
abolishes y but not a rigidity, an observation that 
may throw much light on the neural mechanism of this 
drug. 

Three papers are devoted to the relations between 
the reticular formation and problems of experimental 
psychology. lLindsley’s investigations on the _per- 
ceptual process are of the greatest importance. By 
studying the responses evoked by photic stimuli, he 
first shows that visual cortex activity is the limiting 
factor in determining critical flicker frequency. Ano- 
ther time-limited phenomenon is’ the discrimination 
of two brief flashes of light from one. It may be 
studied electrophysiologically by measuring the min- 
imum time interval between a pair of flashes which 
still evoke two distinct potentials in the visual cortex. 
Lindsley shows that following reticular stimulation 
the visual cortex of the cat is able for several seconds 
to resolve separate responses to two flashes, while 
only one potential is evoked in the absence of such 
stimulation. These results correlate very satisfac- 
torily with the microelectrode studies of Jung, which 
were reported above. Other stimulating experiments 
are those performed in Lindsley’s laboratory by 
Fuster, who found, in tachistoscopie experiments with 
the monkey, that a statistically significant increase 
of the percentage of correct responses and a de- 
crease in the mean reaction time occurred during re- 
ticular stimulation. Investigations on man _ showed 
that the mean reaction time is increased when the 
subject has been alerted in advance to the pre- 
sentation of the visual stimulus. This effect is 
particularly marked with a fore-warning of 300 to 
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1000 msee., i.e. when the visual stimulus is applied 
during the a blockade. 

Morrell and Gastaut report on their EE@ in- 
vestigations of conditioned reflexes, and Gastaut de- 
velops his well-known hypothesis on the neural meeh- 
anisms of conditioning. The vastness of this theme 
makes it impossible to summarize their reports within 
the limit of space allotted to this review. However, 
several aspects of them are already known to readers 
of the Journal 1, 

Space limitations also prevent a detailed analysis 
of those papers whose theme was not strictly related 
to that of the Symposium, although several observa- 
tions reported therein deserve the greatest attention. 
Brazier was concerned with the neural responses 
evoked by light flashes, Li with the activity of the 
interneurons of the motor cortex, while Ingram dealt 
with the effects of hypothalamic lesions on learning. 
The last part of the book was devoted to the visceral 
brain or rhinencephalon. Papez presented an _ an- 
atomical introduction, while Green, Adey and Mason 
elaborated on different aspects of the physiology of 
these structures. The same regions of the brain were 
studied by Olds, who described his fascinating ex- 
periments on self-stimulation in rats, a_ technique 
which was also utilized by Brady in the experiments 
on cats and monkeys he reported in this 
Symposium. Finally Lilly described his investigations 
on the effects of electrical stimulation in the un- 
anesthetized monkey. Some of the experiments re- 
ported by Adey, such as the effects of stimulation of 
the entorhinal area on the spike discharges of the 
midbrain tegmentum and on reticular conduction, ap- 
pear to be closely connected to the main theme of the 
Symposium. 

The final report of the Symposium was made by 
Jefferson, who dealt with the relevance of the 
reticular formation for clinical neurology. His ob- 
servations on the ‘‘anterior critical point’’, which 
has a profound effect on consciousness when damaged 
or compressed, despite the fact that the main 
activating systems are intact, should provide a 
stimulus for experimental investigation. Gerard then 
summarized in his usual vivid way the general results 
of the Symposium. 

The banquet speech by Penfield, with which the 
book ends, charmingly evokes in the mind of the 
reader the spirit of Hippocrates, and the dawn of 
medical inquiry (as well as of our civilization) in the 
Aegean Islands. Penfield notes, ‘‘the truth, Hippo- 
crates wrote, is to be learned by observation of 
nature. Authority is to be found in the working 
of body systems and in their behaviour during health 
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and diseases — not in the hypotheses of the Philoso- 
phers.’? These thoughts still ring true and suggest a 
note of caution that is valid even to-day. We know, 
of course, that hypotheses are essential for the 
development of science, but we must always guard 
against our own tendency to regard them as established 
facts. This usually happens when a given view be- 
comes deeply rooted in our minds, either because it 
has been accepted widely and silently for several 
years or because of the fact that it has proved its 
usefulness by promoting important investigations. A 
distinction between facts and hypotheses is_ ob- 
viously more difficult to make when scientific re- 
search is going on intensively in a given field of 
investigation. It is not surprising, therefore, that 
such a tendency is apparent when one reads the pro- 
ceedings of the Detroit Symposium, and that ocea- 
sionally it creeps even into the titles of the articles. 
Indeed, even some of our terminology in this field is 
actually the expression of hypotheses, so that an 
attempt to clarify our thoughts may perhaps not be 
out of place, although it may lead to repetitious 
statements. 


Let us start with neuroanatomy and the somewhat 
loose way the adjective ‘‘reticular’’ is being used in 
the neurological literature. That the midline nuclei of 
the thalamus, and Dempsey and Morison’s recruitment 
phenomenon, are under reticular control seems a well 
established fact, but to refer to the unspecific 
thalamie nuclei as the thalamic portion of the reti- 
cular system or the thalamic reticular system is an 
extrapolation that perhaps is not wholly justified by 
the available evidence. It may be actually misleading, 
since it is likely to give the impression that the reti- 
cular connections with the hippocampus or with the 
caudate nucleus are physiologically less important. 
All we can say, at the present, is that our knowledge 
on the latter group of interrelations is much less 
satisfactory than that on the thalamo-reticular rela- 
tionships. This disproportion in the growth of our 
knowledge is, however, a contingent fact, one that 
may be easily explained historically, since the study 
of the sphere of influence of the reticular formation 
was bound to start with those thalamic structures 
whose function had been disclosed by the fine work of 
the Boston and Montreal Laboratories. 


Similar considerations apply when we consider the 
functional significance of the ascending reticular 
system. There is a growing tendency to include more 
and more functions within its sphere of influence. 
For example there is little doubt that transmission 
in subeortical relays as well as the evoked potentials 
of the cortical sensory areas are affected by reticular 
stimulation, and it is an indisputable fact, and a 
fundamental observation, that these processes are 
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strongly modified during habituation and attention. 
However, there is no crucial proof that the afferent 
block occurring during habituation is mediated by 
the reticular formation. Indeed some data against 
this interpretation have been noted above. Along the 
same line of thought, a distinction should be made, 
when dealing with Pavlovian physiology, between a 
phenomenon such as the EEG arousal occurring dur- 
ing the orienting reflex, whose relationship with the 
reticular formation is certain, from the hypotheses 
on the development and extinction of conditioned re- 
flexes or on the sleep elicited by monotonous stimuli, 
which still await crucial proof. 

Finally, the neuropharmacological evidence. The 
fact that a drug has an influence on EEG synchro- 
nization or that it affects sensory or reticular arousal 
does not imply, necessarily, a central action on the 
reticular formation. For some drugs this influence 
has been demonstrated in several ways, such as by 
studying their effect following brain stem transee- 
tions at different levels or by recording their in- 
fluence on the spontaneous spike discharge or evoked 
responses of the reticular formation. But even then 
it may occasionally be premature to attribute the 
effects of these drugs to a selective influence solely 
on the reticular formation. 

Books of this kind should be evaluated in terms 
of the stimulus to research which the reader receives 
while perusing them. From this point of view this 
Symposium was undoubtedly a success and the or- 
ganizers should be congratulated for the results of 
their endeavour. Since Symposia are going to be- 
come more and more important as a mean of inter- 
disciplinary communication, future organizers should 
be warned against their inherent tendency to grow in 
size. One of the weak points of the Detroit Meeting 
is represented by the obvious disproportion between 
the time allotted to the reports and that left for 
the discussion, which was often neglected. This is 
perhaps the consequence of the large number of 
reports and of the multiplicity of themes. 

From the point of view of the art of book making 
this is an esthetically attractive volume. Topogra- 
phical errors or inconsistencies of nomenclature are 
always present in a collaborative work of this size. 
Several names are mispelled, apparently because they 
were handled phonetically so that ‘‘Machne’’ be- 
eomes ‘‘MecNey’’, ‘‘Lilly’’ becomes ‘‘Lillie’’, ete., 
while the famous anatomist Elliot Smith becomes 
Smith and is quoted as Smith, G. E. (pp. 621, 622). 
This error and others, like ‘‘mammary bodies’’ in- 
stead of ‘‘mammillary bodies’’ (p. 62) or ‘‘Areau 
rhythm’’ instead of Gastaut’s rolandie rythme en 
arceau (p. 589), might perhaps have been avoided. 


Giuseppe MorvuzZZI 


L’ELETTROENCEFALOGRAFIA CLINICA 


(con particolare riferimento alle lesioni a focolaio ) 


CARLO PERRIS 
Ed. ‘Omnia Medica’’, Pisa, Italy, 1957, 264 pp. Approx. $4.00 


This is one of several monographs on clinical EEG 
which has appeared in the Italian literature in the 
last five years. Although all the authors have a 
relatively limited experience in the subject, this pro- 
ductivity may be optimistically viewed as a result 
of the enthusiasm with which young investigators 
enter the field of electroencephalography. 

In Perris’ monograph, as the subtitle indicates, 
the main emphasis is on ‘‘focal lesions’’, and in 
particular, on the EEG aspects of brain tumors. The 
book is divided into two parts consisting, respectively, 
of 12 and 6 chapters. The first two chapters deal 
very briefly and rather superficially with the physio- 
logical basis of EEG, with technical problems and 
with the general technique of recording used by the 
author. The subsequent chapters in part 1 consist 
of a fairly complete, though rather uncritical review 
of the literature on the following subjects: (a) nor- 
mal rhythms (deseription and topographical distribu- 
tion); (b) conditions known to influence the EEG 
(age, wakefulness and sleep, temperature, blood sugar, 
ete.); (c) activation procedures (subdivided into 
chemical and physical); (d) abnormal rhythms (mor- 
phology and criteria for their localization) ; (e€) most 
common abnormalities seen in cases of brain tumors 
both in proximity to the lesion and at a distance from 
it; (f) possibility of EEG diagnosis of nature in 
eases of expanding lesion; (g) possibility of brain 
tumor localization with EEG, and (h) eriteria for 
differential diagnosis and for prognosis. 

In the second part (about 50 pages) the author 
presents his own material correlated by several use- 
ful summarizing tables. 

The general presentation is rather uneven. For 
instance, the author goes into a long, detailed descrip- 
tion of the various types of electrodes, including those 
very seldom used or only presenting some theoretical 
interest, yet he is rather vague as far as the electrode 
position in the scalp is concerned. In fact, electrode 
position and electrode run are terms used at times 
interchangeably (see i.e. fig. 22 showing ‘‘electrode 
runs’’ according to Jasper). Three schematic sketches 
are presented in chapter II, for illustrating the elec- 
trode runs. These include a ‘‘standard’’ (unipolar 
to ipsilateral ear) ‘‘ Walter’’ (bipolar antero-posterior 
combined with transversal) and a ‘‘cireular’’ run. 
Throughout the text, and in the illustrations, other 
(‘‘transversal’’ and ‘‘longitu- 
Notwithstanding long discussions on the 


runs are mentioned 
dinal’’). 
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advantages to study phase reversal, and on the use- 
fulness of recording simultaneously from pairs of 
electrodes perpendicularly oriented to each other, about 
half of the fifty samples of EEG tracings presented 
are with the ‘‘unipolar’’ technique. In 10 per cent, 
there is no indication on the run used, and in another 
10 per cent the labels are hardly readable. In fact, 
the inadequacy of the legends in most of the samples 
and the impractical method of explaining the run 
used are one of the weak points of the book. 

On the other hand, rather useful is a summarizing 
table of the percentages of localization in case of 
brain tumors obtained by the various authors be- 
tween 1946 and 1953, which also includes the number 
of cases in each study, as well as the type of local- 
ization of the expanding process. 

The original contribution in the monograph con- 
sists of the presentation and discussion of 80 cases, 
67 having a definite, and 13 an approximate diagnosis 
of brain tumor and in which, from a elinical stand- 
point, 42 localizations and 17 lateralizations were pos- 
sible in one group and 11 localizations in the other 
group. 

From an X-ray standpoint, 17 showed general 
signs, 12 suggestive signs, and 17 specific signs of 
brain tumor; in 3 the signs were specific but pointing 
to the wrong side; the remaining 30 were normal. 
Electrographically, it was possible to make a diagnosis 
of brain tumor in 72 cases, while in the remaining 
8 the EEG changes were ‘‘aspecific’’. Of the cases 
in which a diagnosis of brain tumor was possible, 
there were 11 lateralizations, 13 suggestions of local: 
ization and 45 good localizations (37 exact and 8 ap: 
proximate). In 3 the EEG provided wrong localiza- 
tion. 

Twenty one cases were tumors of the middle fossa, 
of the basal nuclei, of the pontocerebellar angle, of 
the 3rd ventricle or sellar region and of the cerebellum. 
For each of these, the author reports in detail the 
EEG findings with only a brief comment on the ten 
dency of the parasellar tumors to show a predominance 
of bi-parietal alterations with shifting character. At 
the end the author describes six ‘‘characteristic pat: 
terns’’ which, in his opinion, should be specific for 
brain tumors. These are various types of more oF 
less irregular delta and theta waves and of some sharp 
transients, either appearing in the ‘‘pure’’ form or 
intermixed, and for which the separation into six dif: 
ferent patterns attempted by the author appears highly 
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artificial. He, himself, states that they may often 
coexist in the same tracing. In his experience epilepti- 
form potentials were seen in 41 cases, always contra- 
alteral to the side of the tumor; these, in his opinion, 
are ‘‘more prevalent when using transversal runs than 
when using longitudinal runs’’. 


The book contains, unfortunately, numerous errors, 
some obviously due to inadequate care in proofreading 
(ie. on page 49, ‘614,000 ¢/sec. rhythm present in 
the cortex’’; on page 221, ‘‘33 wrong localization in 
72 eases of tumors’’; on page 85, ‘‘of effect’’ instead 
of ‘‘on effect’’, ete.); others due to inaccurate or 
superficial survey of the literature or to lack of clear 
concepts. 

Rather surprising is in fact to find electroenceph- 
alographers who still ignore the existence of Caton 
(page 11, ‘‘it is, however, right to remember that 
it was Prawdiez-Neminski who first demonstrated — 
1913-1925 — the existence of spontaneous electrical 
activity in the cerebral cortex’’). Elsewhere, the 
time constant is defined as the ‘‘time taken for a 
voltage passing through a resistence - capacity sys- 
tem to drop of 1/e (37%) of its initial value’’. In 
the description of the various patterns elicitable with 
intermittent photic stimulation, it is stated that one 
may observe ‘‘a response only at the end of the 
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stimulation (comparable to the on effect of the peri- 
pheral nerve stimulation)’’. On the same subject, 
several findings are reported as pure result of inter- 
mittent photic stimulation without taking into account 
that they were, instead, obtained using Metrazol asso- 
ciated with it. In discussing the 3/sec. spike-and- 
wave complexes, the author states that they are 
‘‘favored by hyperventilation and by the blocking 
reaction’’ (?). 

Elsewhere the author quotes and accepts the state- 
ment of Strauss et al. that ‘‘a normal EEG during 
an epileptic seizure precludes the diagnosis of epilep- 
sy’’, ete. 

Notwithstanding the presence of these and other 
inaccuracies, it is obvious that the author has made 
a sincere effort to cover, as completely as possible, the 
field of EEG in brain tumors, and in fact, he has 
succeeded in completing a work which should prove 
of some usefulness to neurologists and electroencephalo- 
graphers. An extensive bibliography (including a 
number of Italian authors with whom the American 
reader may be unfamiliar) at the end of the book 
is arranged under the heading of each chapter to 
which it refers. By this method repetitions are un- 
avoidable but its use is more convenient and practical. 


C. AJMONE-MARSAN 


THE BRAIN AND HUMAN BEHAVIOR 


(Proceedings of the Association for Research in Nervous and Mental Disease, Volume XXXVI) 
The Williams & Wilkins Company, Baltimore, 1958, 564 pp., $15.00 


The work under review, the Ciba symposium 
(1958), the symposium of the New York Academy of 
Sciences (66: 417, 1957) and the Wisconsin sympo- 
sium (1958) reflect the intensity of the work con- 
eerned with the neurophysiological and biochemical 
foundations of behavior. It seems to the reviewer that 
the Ciba symposium attacks these problems on a 
broader basis, and that the selection of topics from 
an anatomical viewpoint for the symposium of the 
Association for Research in Nervous and Mental 
Disease was rather unfortunate. Nevertheless, the 21 
contributions present a rich fare. 

The function of the temporal lobe is subjected to 
a detailed analysis. Penfield gives a fascinating re- 
view of his studies on memory and the production of 
illusions and hallucinations. This is an outstanding 
contribution regardless of whether one takes seriously 
the author’s attempt to relate these complex functions 
to the centrencephalic system. Bickford et al. supple- 
ment this work by showing that stimulation through 
depth electrodes may produce temporary amnesia 
when the tip of the electrode is in the vicinity of the 
hippocampus. Chapman and also Jasper and Ras- 
mussen stimulate the amygdala and hippocampus in 
patients with assaultive behavior and epilepsy, re- 
spectively. Gibbs reports his wellknown work on the 
EEG changes in epilepsy of the temporal lobe and 
stresses the significance of the sleep record for diag- 
nosis and the relation between age and the locus of 
abnormality in the temporal lobe. Green et al. find 
that anterior temporal lobectomy in patients with 
focal epilepsy the 
marked improvement in affective responses, 
Milner, on the basis of more extensive unilateral 
ablations of the temporal lobe, comes to the impor- 
tant conclusion that defects in the dominant left 
lobe lead to difficulties in understanding and re- 
tention of ‘‘verbally expressed ideas’’, whereas sim- 
ilar lesions in the non-dominant side are accompanied 
by disturbances in the perception of ‘‘pictorially ex- 
pressed ideas’’. The interesting work of Bremer on 
the transmission of sensory impulses via the corpus 
callosum is not unrelated to this group of papers 
since it deals with the neurophysiological basis of the 
fundamental studies of Myers and Sperry on ‘‘con- 
tralateral mnemonic effects with ipsilateral sensory 
inflow’’, 

The neuropharmacological investigations presented 
by Hoch from the clinical and by Evarts from the 
experimental point of view show how far we are 
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removed from an understanding of the action of drug; 
such as ISD. Evarts’ statements that such _ studies 
ranged from psychoanalysis to work on the clam sug. 
gest that more than broadness of approach is needed 
for the solution of these problems. 

Of the remaining group of papers dealing with 
quite diversified aspects of the problem of behavior, 
I mention Woolley’s challenging studies on serotonin; 
Feldberg’s work on the intraventicular action of drugs 
such as adrenaline and DFP; Roberts’ observations on 
recovery of speech after cortical lesions, and the in- 
teresting studies of Wolff et al. showing, on the 
basis of extensive psychological testing of cases with 
cerebral defects, the importance of the mass effect 
rather than that of the side or site of the lesion; 
Lacey ’s successful attempt to relate the frequency of 
autonomic discharges to impulsivity and to neuro- 
physiological theory; Bruner’s suggestions, based on 
spychological data, concerning the physiological meeh- 
anisms underlying complex perceptual processes; Niel- 
sen’s emphasis on the relation between the central 
autonomic system and the psychoses. 

Attention is called to Denny-Brown’s painstaking 
analysis of grasping, placing and avoidance reactions 
in monkeys with a variety of parietal lesions. A major 
factor in normal behavior seems to be the _ balanee 
between the ‘‘ positive exploratory mechanism ’’ of the 
parietal lobes involving tactile and visual perceptions 
and the avoidance reactions greatly exaggerated in 
the frontal-insular animal (parietal, occipital and 
temporal lobes removed). 

These and other investigations show that progress 
is made in this complex area without consideration of 
the time honored mind-body problem, but Lashley’s 
discussion of this question presented in the first ar- 
ticle (‘‘Cerebral Organization and Behavior’’) with 
insight and vigor, makes this book memorable. 

This and other symposia on closely related topies 
offer an opportunity to compare the effectiveness of 
various methodological approaches and to appreciate 
the difficulties in evaluating experimental data ob- 
tained from patients with different kinds of brain 
pathology and/or different premorbid personalities to 
mention only two factors. Like other books written 
by numerous contributors it suffers from the lack 
of a leading idea (‘‘If a book is to have value 
except as a work of reference it must be the work of 
one mind’’ B. Russell), but the data are being ac 
cumulated and wait for the fertile mind. 

E. GELLHORN 
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